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*“Ortho-Novum 7/7/7 tablets contain 7 tablets 


of 0.5 mg norethindrone with 0.035 mg ethinyl 
estradiol, 7 tablets of 0.75 mg norethindrone 
with 0.035 mg ethinyl estradiol and 7 tablets 
of 1.0 mg norethindrone with 0.035 mg ethinyl 
estradiol. 


**1/35 formulations contain 1.0 mg norethindrone 


with 0.035 mg ethinyl estradiol. 


7 blue tablets containing 0.5 mg norethindrone with 0.035 mg ethinyl estradiol followed by 
9 green tablets containing 1.0 mg norethindrone with 0.035 mg ethinyl estradiol followed by 
5 blue tablets containing 0.5 mg norethindrone with 0.035 mg ethinyl estradiol. 


eo 


(7 orange tablets containing inert ingredients are included in the 28-day regimen.) 


Serious as well as minor side 
effects have been reported 
following the use of all oral 
contraceptives. These include 
thromboembolic disease. 
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NORETHINDRONE-BASED: LOW LIPID IMPACT 


TRI - NORINYL 


ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBO- 
EMBOLISM. Because studies have shown a positive association between OC 


estrogen dose and risk of thromboembolism, it is prudent to minimize estro- 


gen exposure. Prescribe an OC.with the least amount of estrogen compatible 
with an acceptable pregnancy rate and patient acceptance. Start new users on 
OCs containing 0.05 mg or less of estrogen 

Contraindications: 1. Known or suspected pregnancy (see Warning #5). 2. 
Thrombophlebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undiagnosed abnormal gen- 
ital bleeding. 5. OCs should not be used by women who have or have had any of 
the following: a. cerebral vascular or coronary artery disease, including 
myocardial infarction. b. known or suspected carcinoma of the breast. c. 
known or suspected estrogen dependent neoplasia. d. benign or malignant 
liver tumor that developed during use of OCs or other estrogen containing prod- 
ucts. 


WARNINGS: Cigarette smoking increases the risk of serious cardiovascular 
side effects from OC use. This risk increases with age and with heavy 
smoking (15 or more cigarettes per day) and is quite marked in women 
— 35 yan of age. Women who use OCs should be strongly advised 

not to smoke. | 


The use of OCs is associated with increased risk of several serious con- 
ditions jncluding thromboembolism, stroke, myocardial infarction, liver 
tumor, gall bladder disease, visual disturbances, fetal abnormalities, and 


hypertension. Practitioners prescribing OCs should be familiar with the 
following information relating to these risks 
1. Thromboembolic Disorders and Other Vascular Problems: An increased risk 
of thromboembolic and thrombotic disease associated with OC use is estab- 
lished. One study demonstrated an increased relative risk for fatal venous 
thromboembolism and several studies demonstrated it for non-fatal venous 
thromboembolism. They estimate that OC users are 4-11 times more likely than 
nonusers to develop these diseases without evident cause. One British study 
reported an excess death rate of 40% in OC users, most of which resulted from 
cardiovascular disease. Another British study showed a lower death rate in OC 
users than controls; an increase in cardiovascular deaths was seen but was not 
Statistically significant. A U.S. prospective study failed to disclose increased 
mortality rates from cardiovascular disorders, but a subset analyzed as a 
retrospective, case-control study showed significant increases in venous 
thromboembolism. CEREBROVASCULAR DISORDERS. Two American studies 
demonstrated an increased relative risk for stroke not shown in prior British 
studies. In an American study of cerebrovascular disorders in women with and 
without predisposing causes, relative risk of hemorrhagic stroke was estimated 
as 2.0 times greater and thrombotic stroke as 4-9.5 times greater in users 
than nonusers. A British long-term, follow-up study reported in 1976 a highly 
significant association between OC use and stroke. Another study had sug- 
gested an association in 1974, but the number of cases was too small to esti- 
mate the risk. Subarachnoid hemorrhage has been shown to be increased by OC 
use in British and American studies. Smoking alone increases incidence of these 
accidents; smoking and pill use appear to increase risk more than either alone 


MYOCARDIAL INFARCTION (MI). Increased relative risk of MI associated with 
OC use has been reported. One British study found that the greater the number 
of underlying risk factors for coronary artery disease (Cigarette smoking, 
hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic 
toxemia) the higher the risk of developing MI, regardless of OC use. OCs were 
an additional risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is Considered a major predisposing condition to 
MI) are twice as likely to have a fatal MI as nonsmoking nonusers. OC users 
who are smokers have a 5-fold increased risk of fatal infarction compared to 
cig or users, and a 10-12-fold increased risk compared to nonsmoking 
nonusers. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must 
be considered. (Estimates are based on British vital statistics which show acute 
MI death rates 2-3 times less than in the U.S. so U.S. death rates could be 
higher.) Importance of other predisposing conditions in determining relative and 
absolute risks has not been quantified; other synergistic actions may exist 

RISK OF DOSE. Using data from several national adverse reaction reporting sys- 
tems, British investigators concluded that risk of thromboembolism, includ- 
ing coronary thrombosis, is directly related to estrogen dose in OCs. OCs with 
0.1 mg or more of estrogen were associated with a higher risk of thromboembo- 
lism than those containing 0.05-0.08 mg but quantity of estrogen may not 
be the sole factor. This was supported by a U.S. study. A British study found a 
positive association between dose of progestogen or estrogen and certain 
thromboembolic conditions. Swedish authorities noted decreased reporting 
of thromboembolic episodes when higher estrogen preparations were no 
longer prescribed. Careful epidemiological studies to determine degree of 
thromboembolic disease risk associated with progestogen-only OCs have not 
been done. Thromboembolic disease has been reported in women using these 
products, and they should not be considered free of excess risk. PERSISTENCE OF 

RISK. Two studies have suggested an increased risk may persist for 6 years after 
discontinuation of OC use for cerebrovascular disease and 9 years for MI; another 

study suggested persistence of risk for subarachnoid hemorrhage. ESTIMATE 

OF EXCESS MORTALITY FROM CIRCULATORY DISEASES. A large British 

prospective study estimated mortality rate per 100,000 women per year from 

circulatory system diseases for OC users and nonusers according to age, smok- 
ing habits, and duration of use. The overall annual excess death rate for OC 

users was estimated to be 20/100,000 (ages 15-34—5/100,000; ages 

35-44—33/100,000; ages 45-49—140/100,000). Risk is concentrated in long- 
term users and in smokers, and may persist after OC discontinuation. Although 

the study showed a 10-fold increase in death due to circulatory diseases in 
users for 5 or more years, all occurred in women 35 or older. An update pro- 
vided the following rates: ages 15-34—1/6700 for nonsmokers and 1/2000 
for smokers; ages 45 and over—1/2500 for nonsmokers and 1/500 for 
smokers. Risk appeared to increase with parity, but not with duration of use 

Until more women under 35 with continuous use for 5 or more years are avail- 
able, it is not possible to assess relative risk for this age group. Data from a 
variety of sources have been analyzed to estimate risk of death associated 
with various methods of contraception. Estimates include combined risk of the 
contraceptive method (e.g.. thromboembolic and thrombotic disease for OCs) 

plus risk attributable to pregnancy or abortion if the method fails (which 
varies with the effectiveness of the contraceptive method). Data are shown 
in Table 1 below. The study concluded that mortality associated with all contra- 
ceptive methods is below that of childbirth, except for OCs in women over 40 
who smoke. (Rates given for pill only/smokers for each age are for smokers 
as a Class. For “heavy” smokers (more than 15 cigarettes a day), rates would 
be about double; for “light” smokers (less than 15), about half.) The lowest 
mortality is with the condom or diaphragm backed up by early abortion 

The study also concluded that OC users who smoke, especially over 30, have 
greater mortality risk than OC users who do not smoke 





Table 1. Risk of thromboembolic ana thrombotic disease associated with OCs 
increases with age after 30 and, for MI. is further increased by hypertension, 
hyperlipidemias, obesity, diabetes, or history of preeclamptic toxemia, and 
especially by smoking. The following chart gives a gross estimate of risk of 
death from circulatory disorders associated with OC use 


SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—RISK ASSOCIATED WITH USE OF OCs 

Below 30 i 30-39 
Heavy smokers C B 
Light smokers D C 
Nonsmokers 

(no predisposing conditions) D 


Nonsmokers 
(other predisposing conditions) C 





Age 





C.0 


C.B B.A 


C—Use associated with moderate risk 
D—Use associated with low risk 





A—Use associated with very high risk 
B—Use associated with high risk 


Physician and patient should be alert to earliest manifestations of thromboem- 
bolic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism. 
cerebrovascular insufficiency, yeg i occlusion, retina! thrombosis, and 
mesenteric thrombosis). Should any of these occur or be suspected, discon- 
tinue OC immediately. A 4-6 fold increased risk of post-surgery thromboembolic 
complications has been reported in OC users. If feasible. discontinue OCs at 
least 4 weeks before surgery associated with increased risk of thromboem- 
bolism or prolonged immobilization. Before resuming OC after major surgery 
or bedrest, balance risks of post-surgery thromboembolic complications with 
contraceptive needs. Data suggest varicose veins substantially increase risk of 
superficial venous thrombosis of the leg, the risk ee on severity of the 
varicosities. 2. Ocular Lesions: Neuro-ocular lesions such as optic neuritis 
or retinal thrombosis have been associated with OC use. Discontinue OC if 
there is unexplained, sudden or gradual, partial or complete loss cf vision; 
onset of proptosis or diplopia; papilledema; or retinal vascular lesions; and 
institute appropriate diagnostic and therapeutic measures. 3. Carcinoma: 
Long-term continuous administration of natural or synthetic estrogen in cer- 
tain animals increases certain tumors, benign or malignant, such as breast, 
cervix, vagina, uterus, ovary, pituitary and liver. Certain synthetic progestogens, 
none currently in OCs, increase the incidence of mammary nodules, benign 
and malignant, in dogs. Several retrospective case-control studies reported an 
increased relative risk (3.1-13.9 times) associating endometrial carcinoma with 
prolonged use of estrogens in postmenopausal women. One publication re- 
ported the first 30 cases submitted to a registry of cases of adenocarcinoma 
of the endometrium in women under 40 on OCs. Of the adenocarcinomas 
found in women without predisposing risk factors for adenocarcinoma of the 
enddmetrium (e.g., irregular bleeding when OCs were first given, polycystic 
ovaries), nearly all occurred in women who had used sequential OCs, which 
are no longer marketed. No statistical association has been reported sug- 
gesting an increased risk of endometrial cancer in users of conventional com- 
bination or progestogen-only OCs, although individual cases have been reported. 
Studies have shown no increased risk of breast cancer to OC or estrogen users. 
One study found no overail increased risk of breast cancer in OC users but a 
greater risk was suggested for OC users with documented benign breast dis- 
ease and for long-term (2-4 years) users. Another study found a history of 
breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or 
more years than among nonusers with breast cancer. One other study indicated 
an increasing risk of breast cancer in women taking menopausal estrogens. 
which increased with duration of follow-up. One author suggests that 
extended (over 6 years) OC use prior to first full term pregnancy was asso- 
ciated with a significant relative risk of breast cancer. A reduced occurrence 
of benign breast tumors in OC users has been well documented. One study 
reported malignant melanoma more frequently in OC users than controls and 
suggests an increased incidence of urinary tract and thyroid cancers. A pro- 
spective study of women with cervical dysplasia found an increase in severity 
and conversion to cancer in situ in OC users compared with nonusers. This 
became statistically significant after 3-4 years of use. Nonreversal of dys- 
plasia within the first 6 months of pill use was suggested to predict progres- 
sion after prolonged exposure. One study disclosed an increased risk of cancer 
of the cervix (largely carcinoma in situ) in OC users under 40, particularly 
those who had used OCs over 4 years. There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all OC users is, nevertheless, 
essential. In all cases of undiagnosised persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care 
4. Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture 
and hemorrhage of a liver tumor. There have been reports associating benign 
or malignant liver tumors with short-term and long-term OC use. One study 
reported use of OC's with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration 
of use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatocellular adenoma of 3-4/100,000. 
Although an uncommon lesion, it should be considered in women presenting 
with an “acute abdomen.” The tumor may cause serious or fatal hemorrhage. 
Patients with liver tumors have demonstrated variable clinical features which 
may make preoperative diagnosis difficult. Some cases presented because of 
right upper quadrant masses, while most had signs and symptoms of acute 
intraperitoneal hemorrhage. Routine radiological and laboratory studies may 
not be helpful. Liver scans may show a focal defect. Hepatic arteriography may 
be useful in diagnosing primary liver neoplasm. 5. Use in or Immediately Pre- 
ceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Off- 
spring: Use of female sex hormones—estrogenic and progestational agents — 
during early pregnancy may seriously damage the offspring. Females exposed 
in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily 
extremely rare. This risk has been estimated to be of the order of 1/1000 
exposures or less. Although there is no evidence that OCs further enhance the 
risk of developing this type of malignancy, such OC users should be moni- 
tored with particular care. A high percentage of women exposed to diethyl- 
stilbestrol (30-90%) have epithelial changes of the vagina and cervix. Although 
these changes are histologically benign, it is not known whether they are a pre- 
cursor of vaginal malignancy. Male children so exposed may develop uro- 
genital tract abnormalities. Although similar data are not available on other 
estrogens, it cannot be presumed that they would not induce similar changes 
Increased risk of congenital anomalies, including heart and limb defects, has 
been reported following use of sex hormones, including OCs. in pregnancy 
One case-control study estimated a 4.7-fold increased relative risk of limb- 
reduction defects in infants exposed in utero to sex hormones (OCs, hor- 
monal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data suy- 
gest risk of limb-reduction defects in exposed fetuses-is somewhat less than 
1/1000 live births. In a large prospective study, cardiovascular defects in 
children born to women who received female hormones, including OCs, during 
early pregnancy occurred at 18.2/1000 births, compared to 7.8000 for 
children not so exposed in utero. These results are statistically significant 
A Welsh study found a statistically significant excess of neural tube defects 
among offspring of prior OC users (within 3 months) than among controls 
The incidence of twin births may be increased for women who conceive shortly 
after discontinuing OC use. In the past, female sex hormones were usad during 
pregnancy in an attempt to treat threatened or habitual abortion. There is 
evidence that estrogens are ineffective, and there is no evidence from well 
controlled studies that progestogens are effective for these uses. There is 
some evidence that triploidy and possibly other types of polyploidy are 
increased among abortuses from women who become pregnant soon after 
ceasing OCs. Embryos with these anomalies are virtually always aborted 
spontaneously. Whether there is an overall increase in spontaneous abortion 
of pregnancies conceived soon after stopping OCs is unknown. If the patient 
has not adhered to the prescribed schedule, consider possible pregnancy 
at the first missed period (or 45 days from the last menstrual period if pro- 
gestogen-only OCs are used) and discontinue OC use until pregnancy has 
been ruled out. For any patient who has missed two consecutive periods, rule 
out pregnancy before continuing the OC. If pregnancy is confirmec, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant should use 
an alternate form of contraception for a period of time before attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased fre- 
quency of neural tube defects in women impregnated during the first 3 months 
after cessation of OC use. Do not use progestogen-only or progestogen- 
estrogen combinations to induce withdrawal bleeding as a pregnancy test. 
6. Gall Bladder Disease: Studies report increased risk of gall bladder disease 
in OC or estrogen users. In one study, an increased risk appeared after 2 years 
of use and doubled after 4-5 years. In another study, an increased risk was ap- 
parent between 6 and 12 months. 7. Carbohydrate and Lipid Metabolic Effects: 


7 blue tablets containing 0.5 mg norethindrone with 0.035 mg ethinyl estradiol followed by 
9 green tablets containing 1.0 mg norethindrone with 0.035 mg ethinyl estradiol followed by 
5 blue tablets containing 0.5 mg norethindrone with 0.035 mg ethinyl estradiol 

(7 orange tablets containing inert ingredients are included in tne 28-day regimen.) 


Because a decrease in glucose tolerance has been observed in a significant 
percentage of patients on OCs, prediabetic and diabetic OC users should be 
carefully observed. An increase in triglycerides and total phospholipids has 
been observed in OC users but its clinical significance is unknown. 8. Elevated 
Blood Pressure: An increase in blood pressure has been reported with OC 
use. Hypertension may occur within a few months of amg OCs. In the 
first year of use, incidence of hypertension may be no higher in OC users than 
in nonusers. Incidence in users increases with exposure and in the fifth year 
of use is 2.5-3 times that in the first year. Age is strongly correlated with 
hypertension in OC users. Women with a history of elevated blood pressure 
(hypertension), preexisting renal disease, history of toxemia or elevated blood 
pressure during pregnancy, familial tendency to hypertension or its conse- 
quences, or history of excessive weight gain or fluid retention during the men- 
strual cycle may be more likely to develop elevated blood pressure when 
given OCs and should be monitored closely. Even though elevated blood 
pressure may remain within the “normal” range, closely watch elevations, 
particularly for women with other risk factors for cardiovascular disease 
or stroke. High blood pressure may or may not persist after OC discontinu- 
ation. 9. Headache: Discontinue OC and evaluate the cause of onset or exac- 
erbation of migraine or development of a new pattern of headache which 
is recurrent, persistent, or severe. 10. Bleeding Irregularities: Breakthrough 
bleeding, spotting, and missed menses often make users discontinue OCs. 
in breakthrough bleeding, as in all cases of irregular bleeding trom the vagina, 
consider nonfunctional causes. In undiagnosed persistent or recurrent abnor- 
mal bleeding from the vagina, use adequate diagnostic measures to rule out 
pregnancy or malignancy. If pathology has been excluded, time or another 
formulation may solve the problem. While potentially useful in minimizing 
menstrual irregularity, change to an OC with a sos we estrogen content only 
if necessary since this may increase risk of thromboembolic disease. Women 
with a history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may tend to remain anovulatory or to become amenor- 
rheic after OC discontinuation. Women with these preexisting problems should 
be advised of this and encouraged to use other contraceptive methods. Post- 
use anovulation, possibly prolonged, may occur in women without previous 
irregularities. A higher incidence of galactorrhea and of pituitary tumors 
(e.g.. adenomas) has been associated with amenorrhea in former users com- 
pared with nonusers. One study reported a 16-fold increased incidence of 
pituitary prolactin-secreting tumors among patients with postpill amenor- 
rhea when, galactorrhea was present. 11. /nfertility: There is evidence of impair- 
ment of fertility in women discontinuing OCs in comparison with other 
contraceptive methods. which appears to be independent of duration of use 
While impairment diminishes with time, there is an appreciable difference in 
results in nulliparous women for OC and other groups 30 months after dis- 
continuation of birth control. For parous women the difference is not apparent 
30 months after cessation of contraception. 12. Ectopic Pregnancy: Ectopic 
as well as intrauterine pregnancy may occur in OC failures. In progestogen- 
only OC failures, the ratio of ectopic to intrauterine pregnancies is higher than in 
nonusers. since the drugs are more effective in preventing intrauterine than 
ectopic pregnancies. 13. Breast Feeding: OCs in the postpartum period may 
interfere with lactation by decreasing quantity and quality of breast milk. A 
small fraction of OC hormonal agents has been identified in milk of mothers 
receiving OCs. Effects, if any, on the breast-fed child have not been deter- 
mined. If feasible. defer OC use until the infant has been weaned. Precautions 
GENERAL 1. Take a complete medical and family history before starting OCs 
Pretreatment and periodic physical exams should include special reference to 
blood pressure, breasts, abdomen and pelvic organs, including Papanicolaou 
smear and relevant lab tests. As a general rule, OCs should not be prescribed 
for longer than 1 year without another physical. 2. Under the influence ot 
estrogen-progestogen preparations, preexisting uterine leiomyomata may 
enlarge. 3. Observe patients with a history of psychic depression and discon- 
tinue OCs if depression recurs to a serious degree. Patients becoming signif- 
icantly depressed while taking OCs should stop the OC and use an alternate 
method of contraception to determine whether the symptom is drug related 
4. OCs may cause some fluid retention. Prescribe with caution, and only with 
careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma 
or cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaun- 
dice during pregnancy have an increased risk of recurrence while using OCs 
Discontinue OC if jaundice develops. 6. Steroid hormones may be poorly 
metabolized in patients with impaired liver function and should be admin- 
istered with caution in such patients. 7. OC users may have disturbances in 
normal tryptophan metabolism that may result in a relative pyridoxine defi- 
ciency. The clinical significance is unknown. 8. Serum folate levels may be 
depressed by OC use. Since the pregnant woman is predisposed to folate 
deficiency and incidence of folate deficiency increases with increasing gesta- 
tion, if a woman becomes pregnant shortly after stopping OCs, she may have 
a greater chance of peager aras folate deficiency and related complications 
9. Advise the pathologist of OC use when relevant specimens are submitted 
10. Certain endocrine and liver function tests and blood components may be 
affected by estrogen-containing OCs. For example: a. Increased sulfobromo- 
phthalein retention. b. Increased prothombin and factors Vil, Vill, IX and X; 
decreased antithrombin 3; increased norepinephrine-induced platelet aggrega- 
bility. c. Increased thyroid binding globulin (TBG) leading to increased circu- 
lating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 
by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, 
reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased 
pregnandiol excretion. e. Reduced response to metyrapone test. f. Increased 
phospholipids and triglycerides. g. Temporarily decreased glucose tolerance 
11. Contact lens wearers who develop visual changes or changes in lens toler- 
ance should be assessed by an ophthalmologist and temporary or permanent 
cessation of wear considered. DRUG INTERACTIONS. OCs may be less effective 
and there may be increased breakthrough bleeding because of interactions with 
rifampin, isoniazid, ampicillin, tetracycline, neomycin, penicillin V, chloram- 
phenicol, sulfonamides, nitrofurantoin, barbiturates, phenytoin, primidone, 
analgesics, tranquilizers, anti migraine preparations, and antihistamines. OCs 
may alter effectiveness of such other drugs as oral anticoagulants, anticonvul- 
sants, tricyclic anti depressants, antihypertensive agents (€.g., guanethidine), 
vitamins, hypoglycemic agents, tranquilizers, hypnotic preparations, and 
theophylline. CARCINOGENESIS See Warnings. PREGNANCY Pregnancy cate- 
gory X. See Contraindications and Warnings. NURSING MOTHERS See Con- 
traindications and Warnings. Adverse Reactions An increased risk of the 
following serious adverse reactions has been associated with OC use (see 
Warnings): thrombophlebitis, thrombosis, pulmonary embolism, coronary 
thrombosis, cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral 
hemorrhage, hypertension, gall bladder disease, congenital anomalies, neuro- 
ocular lesions, e.g., retinal thrombosis and optic neuritis, Raynaud's disease, 
arterial thromboembolism. The following adverse reactions have been reported 
in OC users and are believed to be drug related: bleeding irregularities (break- 
through bleeding, spotting, missed menses during treatment, amenorrhea 
after treatment), gastrointestinal symptoms, (nausea, vomiting, bloating, 
abdominal cramps), dysmenorrhea, infertility after discontinuance of treat- 
ment, edema, chloasma or melasma which may persist after drug is discontin- 
ued, breast changes (tenderness, enlargement, and secretion), intolerance to 
contact lenses, change in corneal curvature (steepening). change in weight 
(increase or decrease), Change in cervical erosion and cervical secretion. possi- 
ble diminution in lactation when given immediately postpartum. cholestatic 
jaundice, migraine, increase in size of uterine leiomyomata, rash (allergic), 
mental depression, reduced tolerance to carbohydrates, vaginal candidiasis 
prolactin-secreting pituitary tumors, chilblains. The following adverse reactions 
have been reported in OC users and the association has been neither confirmed 
nor refuted: premenstrual-like syndrome, cataracts, changes in libido, chorea. 
changes in appetite, cystitis-like syndrome, headache, nervousness. dizziness 
hirsutism, loss of hair, erythema multiforme, erythema nodosum. hermorrha- 
gic eruption, vaginitis, porpyhria, impaired renal function, malignant nephro- 
sclerosis (hemolytic uremic syndrome). Information for the Patient (See Patient 
Package Insert) 
‘S| SYNTEX | Syntex Laboratories, Inc. 
Palo Alto, California 94304 





GYN Cine: 


GYNECOLOGY CONTINUING MEDICAL EDUCATION 


Seminars In 


OBSTETRICS AND GYNECOLOGY 





GYN CME FUND SYMPOSIUM SCHEDULE FOR 1985 


March 9-10 


“Update in Diagnosis and Treatment of OB/GYN Infections” 
Richard Schwarz, M.D David Eschenbach. M.D Gillis Monif. M.D 


June 22-23 


“Medical & Surgical Problems of the Climacteric” 
David H. Nichols, M.D. J. George Moore. M.D. Thomas T. Yoshikawa, M.D 


UPDATE IN DIAGNOSIS AND TREATMENT 


OF OB/GYN INFECTIONS 
Saturday, March 9, 1985 
7:30 AM Richard Schwarz. M.D 
“Selection of Antibiotics” 
8:30 AM David Eschenbach. M.D 
“Chlamydial Infections” 

9:30 AM Gillis Monif, M.D. 
“Infections & Complications Associated with the IUD” 
10:30 AM David Eschenbach, M.D. 
“Vaginitis” 

11:30 AM Gillis Monif, M.D 
“Changing Concepts in Acute Salpingitis” 


Sunday, March 10, 1985 
7:30 AM Richard Schwarz. M.D 
“Prematurity/An Infectious Disease?” 
8:30 AM Gillis Monif, M.D 
“Chorioamnionitis: Diagnosis and Treatment” 
9:30 AM. David Eschenbach, M.D. 

New Thoughts in the Pathogenesis and Bacteriology of Postpartum Hemorrhage” 
10:30 AM Richard Schwarz, M.D 
“Group B Streptococcus in Pregnancy” 
11:30 AM Gillis Monif, M.D 
“Hepatitis B in Pregnancy” 


MEDICAL & SURGICAL PROBLEMS 
OF THE CLIMACTERIC 


Saturday, June 22, 1985 
7:30 AM David H. Nichols, M.D 
“The Pros and Cons of Estrogen Replacement” 
8:30 AM Thomas T. Yoshikawa, M.D 
the Epidemiology and Demography of Aging and Its Impact on Clinical Practice” 
9:30 AM David H. Nichols, M.D 
What the Gynecologist Should Know About Breast Disease in the Older Patient” 
10:30 AM Thomas T. Yoshikawa, M.D 
“The Biological Changes and Medical Problems of Aging” 
11:30 AM David H. Nichols, M.D 
“Oophorectomy in the Older Woman: Yes or No” 


Sunday, June 23, 1985 
7:30 AM Thomas T. Yoshikawa, M.D. 
“Unique Problems of Urinary Tract Infection in the Aging Female” 
8:30 AM David H. Nichols, M.D 
“The Diagnosis & Treatment of Urinary Incontinence” 
9:30 AM J.G. Moore, M.D 
Pre & Post Operative Care in Elderly Patients Undergoing Vaginal Hysterectomy” 
10:30 AM Thomas T. Yoshikawa, M.D. 
“Special Considerations in use of Antibiotics in Elderly Patients” 
11:30 AM J.G. Moore, M.D 
“Practical Features in the Technique of Vaginal Hysterectomy” 


September 7-8 


“Common Problems in Reproductive Endocrinology” 
Jorge Mestman, M.D. Charles March, M.D. Sergio Stone, M.D. Allan DeCherney, | 


November 2-3 


“Update in Maternal-Fetal Medicine” 
Jerry Wiley. J.D. Lawrence Platt, M.D. 


COMMON PROBLEMS IN 
REPRODUCTIVE ENDOCRINOLOGY 


Saturday, September 7, 1985 
7:30 AM Allen DeCherney, M.D. 
“In Vitro Fertilization” 

8:30 AM Charles March, M.D 
“What's New with GnRh” 

9:30 AM Allen DeCherney, M.D 
“Ectopic Pregnancy” 

10:30 AM Jorge Mestman, M.D 
“Evaluation and Management of Thyroid Disorders in Pregnancy” 
11:30 AM Allen DeCherney, M.D 
“Infertility Surgery” 


Sunday, September 8, 1985 
7:30 AM Charles March, M.D. 
“Current Status of Hysteroscopy in Gynecology” 
8:30 AM Sergio Stone, M.D 
“The Evaluation and Work-up of the Patient with Excess Androgen Producti 
9:30 AM Charles March, MD 
“Current Status of Ultra Sound in Gynecology” 
10:30 AM Sergio Stone, M.D 
“A Re-evaluation of the Cervical Factor in Infertility” 
11:30 AM Jorge Mestman, M.D 
“Multiple Endocrine Deficiency Syndrome” 


UPDATE IN MATERNAL-FETAL MEDICINE 


Saturday, November 2, 1985 


7:30 AM _ Julian P. Parer, M.D 
“Management of Abnormal Heart Rate Patterns During Pregnancy” 
8:30 AM Frank C. Miller, M.D. 
“Obstetrical Events Leading to Mentally Retarded Children” 
9:30 AM Julian P. Parer, M.D. 
“Update on Rh Disease” 
10:30 AM Frank C. Miller, M.D. 
“Management of Multiple Gestations” 
11:30 AM Julian P. Parer, M.D. 
“Four Ways to Decrease C/Section Rate” 


Sunday, November 3, 1985 
7:30 AM Lawrence Platt, M.D. 
“New Methods of Fetal Assessment Including Biophysical 
Profile & Doppler Blood Flow Measurements” 
8:30 AM Frank C. Miller, M.D. 
“Antepartum & Intrapartum Management of Post-dated Pregnancies” 
9:30 AM Lawrence Platt, M.D. 
“Use of Ultrasound in Labor & Delivery” 
10:30 AM Jerry Wiley, J.D. 
“Is Suing Obstetricians the New National Pastime” 
11:30 AM Lawrence Platt, M.D. 
“Prenatal Diagnosis Update” 


Frank C. Miller, M.D Julian P. Parer, | 


Holiday Dun 
(Center Strip) 


For Seminar Information Write: 


N 


GYN CME FUND, INC./2570 So. Bruce St./Suite B-4/Las Vegas, Nevada 89109/(702) 732-2599 


PI% E GEST 16/25" 
JUST WHAT THE DOCTOR ORDERED 


eThe Ph E GEST 16/25 provides a single 


dispensing container for patients who are receiv- 
ing dual drug therapy. 


e PR E GEST 16/25 is designed to accommodate 
Premarin®* (1.25 mg. or 0.625 mg) Prove- 
ra“ ** (10 mg) in their most frequently prescribed 
dosages. 


Benefits of PR E GEST 16/25 


e An aid for eliminating drug administration er- 
rors by providing one container capable of dis- 
pensing two drugs (Premarin® day | 
through 25, Provera® day 16 through 25) 


e A reusable container that is economical and 
easily refillable by the patient 


e A dispensing unit that rotates easily 


For product information and availability contact: 
Compliance Systems Corporation 
RO. Box 3068 : 
Arcadia, California 91006 


“Registered trademark of Ayerst Laboratories 
**Registered trademark of Upjohn Company 








American Journal of Obstetrics and Gynecology H@yincne 


Founded in 1920 
Copyright © 1985 by The C. V. Mosby Company 





January | 
1985 


EDITORIAL 





New format for the American Journal of Obstetrics and Gynecology 1 


CLINICAL SECTION 


Clinical Opinion 





Autocorrelation techniques in fetal monitoring 2 
Michael Y. Divon, M.D., Fred P. Torres, B.M.E., Sze-Ya Yeh, M.D., and Richard H. Paul, 

M.D. 

Los Angeles, California 


Clinical Articles 


The significance of a previous stillbirth 7 
Roger K. Freeman, M.D., Wendy Dorchester, M.P.H., Gerald Anderson, M.D., and 
Thomas J. Garite, M.D. 
Long Beach, California, and Burlington, Vermont 
(Contents continued on page 7A) 


OEO EEE 
Vol. 151, No. 1, January 1, 1985. The American Journal of Obstetrics and Gynecology is published semimonthly by The C. V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, Missouri 63146. POSTMASTER: Send address changes to The C. V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, Missouri 63146. 


I , International 

nternational E a A 

(surface mail) ERIS SOR TEI A Ld i o 8 
1985 Annual subscription rates U.S.A. All regions Region 1 Region 2 Region 3 
Institutionst $91.50 $126.00 $180.20 $233.00 $285.80 
Individuals} $56.50 $ 91.00 $145.20 $198.00 $250.80 
Students, residents} $39.60 $ 74.10 $128.30 $181.10 $233.90 


Single copies are $6.50. Remittances should be made by check, draft, or post office or express money order, in U.S. funds drawn 
through a U.S. bank, payable to this JOURNAL. 

° Airmail breakdown—Domestic: First-class and Priority rates for the U.S. and possessions are available upon request. Region 1: 
Central America, islands, and mainland colonies of European countries in The Americas. Region 2: South America, Europe; Egypt, 
Africa (bordering the Mediterranean). Region 3: Asia, Australasia, Africa (other than Mediterranean), Middle East, Far East, The 
Pacific, U.S.S.R. (and constituent Republics). 

+ Institutional (multiple-reader) subscriptions are available to public and private libraries, schools, hospitals, and clinics; city, county, 
state, provincial, and national government bureaus and departments; and all commercial and private institutions and organiza- 
tions. 

{Individual subscriptions and all student-rate subscriptions must be in t 
student-rate requests must indicate training status and name of institution. 
Subscriptions may begin at any time. 
Second-class postage paid at St. Louis, Missouri, 
Mosby Company. 


he names of, billed to, and paid by individuals. All 


and additional mailing offices. Printed in the U.S.A. Copyright © 1985 by The C. V. 


5A 


orks through the night 
so she'll feel better 
in the morning 


BETADINE antiseptic gel... 


for symptomatic relief 
of minor vaginal soreness, 
irritation, and itching 


Simple to apply with its own vaginal applicator 
BETADINE Antiseptic Gel (povidone-iodine) is 
ideal for use at bedtime. It remains in contact 
with irritated vaginal tissue, and it maintains 
activity even in the presence of vaginal 
discharge. Your patients will appreciate the 
special relief it offers . . . comfort on contact 
that lasts all night long. 


BETADINE 
antiseptic gel 


>. With vaginal applicator 





7 peie R. Neff, M.D., Gary L. Holtz, M. D. and William ic Betsll, Jr <a ae E - Eo 
ie pate South Carolina p oh Ba ae a 


~ Onon s. ‘Bezetih, M. D., aid Tane H. Dorsey, M. D. 


: s - Syracuse, New York, and Baltimore, Maryland 


p a oe Chan. E e Ph. D. 
Pe ~ Charleston, © South Carolina 


Bey : - | Columbus, Ohio. 


o pima a diagnosis o of renal anomalies with ultrasound. m Bilateral r rena 
1 romero, M.D., Mark Cullen; M. D; “Peter Grannum, M. D., Philippe Jeanty, A M. D. | 8 ae 


wf t Reece, M. D: , Ingeborg Venus, M S; ‘and John c.  Hobbins, M. D.. ooa ah 7 
o Haven, Connecticut codes’ ae 


: 7 4 Prena M. Hill, M. D; , Robert Breckle, R. T., R. D. M.S., and William C. Gehring, et 5 L O 
a r Rochester, Minnesota ` 2 


Roberto Romero, M. D., na A. Copel, M. D. Philippe Jeanty, eke S 3 a = 
E \Ibert Reece, M. D, , Rosemary Reiss, M.D., and John Ce Hobbins, M. D. : pr 








THE UNEQUIVOCAL 





INMISTAKA SLE “YES or NO” | 
25 mIU. (HCG y/ ml SE NSITIV ITY IN SERUM OR URINE 
Results as early as 7u to 10 days after conception 





RR a Unmistakable ‘blue ; ONE a & aoda antit odies > 
i nee 7 — no interference from drugs or other. 
| ® ASTONISHINGLY FAST ane : 
fete a FOr STAT or routine tests ~ | E 
o as early as 6 minutes SORE * 99.8% ACCURATE | 
ee a ae Obtained on ae 10 days following. 
@ INSTRU JN MENT & RADIATION FREE conception — eee | 
_ Do-it-yourself without special training — ® READY TO USE RE E sa 
a for lab or office Practice ai Coated tubes, controls included 
ECO NIVEN | no refrigeration Pe 
® GUARANTEED PERFORMANCE 
Reliable, consistent t& k reprodu jeno 


































P> expensive than RIA 
Very ao method — 


THE E BEST TE TEST MODERN BIOTECHNOLOGY CAN OFFER 


800- 367- 4200, within California 





ha rmaceuticals, Inc. 






continued f from | page 7A 





ot tiat instruction in the pelvic examination in the. United States a and 
= Canada, 1983- 
i : Charles R. B. Beckmann, M.D., William N. Spellacy, M.D., Annette Yonke, Ph.D., 
oe 5 Barba: Barzansky, Ph.D., M.H.P.E., and Raima P. Cunningham, B.A. 
a ae r “Chicago, Ute: d 









ie | otal heart rate testing. XII. The effect of manual 
TN manipulatio of | he fetus on the nonstress test 
i © Maurice L. Druzin, M; D., José Gratacos, M. D., Richard H. Paul, M.D., 
a Paula | Broussard, RN, Dorothy McCart, R-N., and Marci Smith, R-N. 
ee Los Angeles, California | 





Bo riploidy. and chromosomes | 
: Irene A. Uchida, Ph.D., and Viola C. P. , Freeman, B.Sc. 
Ht amilton, Ontario, Canada 


Ka = Breast aspiration biopsy with multihole needles for histologic and 
==>- cytologic. examination ; 
a = Helmuth Vorherr, M.D. 
: Albuquerque, New Mexico 






chological impact of false positive elevations of maternal serum  — 





"© Barbara K. Burton, M.D., Robert G. Dillard, M.D., and Elizabeth N. Clark, M.A. 
i Winston-Salem, North Carolina =~ | “a fet i he 


Eo Myotonic muscular daiya associated with ritodrine tocalyais : 
| a John S. Sholl, M.D., Michael John Hughey, M.D., and Richard A. Hirschmann, M. D. 
a l -Evanston and Chicago, Illinois 














seudomembranous colitis following ‘prophylactic antibiotic u use in- 
primary cesarean section > 2 ee 
D F Edward L. Arsura, M.D., Richard A. Fazio, M. D., and Prasanna C. Wickremesinghe, M. D: — fare 
eo i Brodkiyn, New York E 


a? `- Wtraeoniò estimation of weight in the very low-birth weight f fetus: A x 
resident versus staff physician comparison _ o 
> 2 Mona pP Tahilramaney, M. D., Lawrence D. Platt, M.D., Sze-Ya Yeh; M. D, 

: _ Greggory R. DeVore, M.D., Louise Sipos, R.N., and Richard H. Paul, M. D. 

tos. Angeles, California 


a of intra-amniotic administration of 120 gm of urea with 5 mg o os 
re prostaglandin Fa for midtrimester termination of pregnancy between Ea 
20 and 24 weeks’ gestation k TE 
Ray vV. Haning, Jr; M. D., and Ben M. Peckham, M.D., Ph.D. 


Madison, Wisconsin 
_ (Contents continued on page 10. 


9A 





















ont: ents « continued from \ page | > 9A 





Fetal pulmonary cyst: Intrauterine diednosis and management _ 
Janice B. Asher, M.D., Rudy E. Sabbagha, M.D., Ralph K. Tamura, M.D, 
5 Susan. Luck, M.D., and Albert B. Gerbie, M. D. 

co Chicaga, Illinois 


: Current Development 


l “Calcium metabolism in pregnancy and the perinatal period: A review a : = 
y M. Pitkin, M.D. ne 
wa Gy, lowa 






ICS SCIENCE SECTION | 


Placental prostacyclin production in normal and toxemic pregnancies 
Scott W. Walsh, Ph. D., Michael J. Behr, M.S., and Neil H. Allen, M.D. 
ar Lansing and Lansing, Michigan 


fluence ofa vitamin E~deficient diet on prostacyclin production by oe 
y . mesometrial triangles and aortic rings from nondiabetic and diabetic Lee 
ae pregnant rats | 
: oo "B, Spitz, M.D., H. Deckmyn, Ph.D., R. Van Bree, M.L.T., R. Pijnenborg, Ph.D., 
o = J. Vermylen, M.D., Ph.D., and F. A. Van Assche, M.D., Ph. D. 

F ris _Lewen, Belgium ° | 









Keto p prostanlandla Fan thromboxane B,, and 13, 44-dihydro-1 15-ket¢ 

prostaglandin F concentrations of normotensive and preecismptic 
patients during pregnancy, delivery, and the postpartum period” 

` Masatoshi Yamaguchi, M. D., and Norimasa Mori, M.D. 

Miyazaki, Japan aa, 





“Localization of transferrin receptor in i the chorionic villi of complete 
-molar pregnancy 

Ross S. Berkowitz, M.D., Devendra P. Dubey, Ph. D., Donald P. Goldstein, M.D., and 
-Deborah J. Anderson, Ph.D. 

= A Boston, Massach usetts 
















Characterization and localization of HLA antigens on hydatidiform ı mole 
` Sunderland, Ph. D., C, W. G. Redman, M.B., Ch.B., and G. M. Stirrat, M.D. 
ristol and 1 Headington, Oxford, England 





: “Use 0 of atropine t to differentiate narai from hypoxic bradycardia Ely Brand, M. D. Bastane: Massa t 


“a ` : Reply to Brand J T Parer, M.D., Ph.D. San Francisco, California. 1 i an 


The “iytic cocktail” induces recurrence of fits in the treatment ot eclampsia Dib El- Kadre, MD M.D. e 
; Cae ano Giordano, MD. São Paulo, Brazil 143 - ee: i E a 


M.D., M. R. G o, Ta Beer-Sheva, ‘Israel 1465. 
a “ply to Piura as Malkason MD. Rochester. Minnesora 145 oe * oe 


= Significance of fetal deceleration during antepartum heart r rate testing / M: Mazor, Z. J. Hagay. IR 
Katz and V. Insier Beersheba, Israel 146 He G a : See ace 


_ Measurement of i — Dr. — Malpani wo jap ee e 


Genetic édunssling for low maternal serum o-fetoprotein | Dianne Abuelo, M.D. 1 i Barsel 
A Haddad, M.D. Providence, Rhode Island, and Fall River, Massachuse E 2 ees 


Information for authors on pages 21A and 22A. _ 


7 Index to advertisers on meee P l . 





gew” 
gug 


ruos 


AAA 
a su 


peT 





American Journal of Obstetrics and Gynecology Editors 





Editors 


JOHN I. BREWER, Editor in Chief 


Sandra Fernandez, Senior Editorial Assistant 


FREDERICK P. ZUSPAN, Editor 


Rosalyn Vu, Editorial Assistant 


E. J. QUILLIGAN, Editor 


Denise Griffith, Editorial Assistant 
ALBERT B. GERBIE, Associate Editor 


HOWARD C. TAYLOR, JR., Emeritus Editor 


Advisory committee on policy 


John M. Bissonnette Walter S. Keifer 
William Droegemueller Edgar L. Makowski 
T. Terry Hayashi James H. Maxwell 
John C. Hobbins James A. Merrill 
Hobart C. Hortman Patrick T. Mohide 


Board of corresponding editors 


Oscar Aguero, Caracas 
Frederick Kubli, Heidelberg 
Pierre O. Hubinont, Brussels 
Malcolm Symonds, Nottingham 
Ichiro Taki, Fukuoka 


Publisher 

THE C. V. MOSBY COMPANY, 11830 Westline Industrial Drive, 
St. Louis, Missouri 63146 

Kay Goehler, Senior Manuscript Editor 





+ Invitro susceptibility does not necessarily imply a correlation with in vivo results, 


‘ea, three, or four administrations ranging from 1.5 to 4 grams per dose. 






ae E a see CEFOBID® brief summary on next page. 





niedi in the hospitalized patient often calls for the immedi ate 
-intervention of empiric antibiotic therapy. While awaiting culture. and 
sensitivity results* first-line CEFOBID therapy can provide significant | 
advantages for the patient, the physician, and the hospital: — 





1. excellent clinical effectivenesst 5. dual pathway of excretion-——no 
2. the broadest in vitrot | parents generally required in —s 
cephal osporin spectrum—with usual dosage for patients with renal 
activity against almost all clinically or hepatic impairment 
X relevant organismss, including 6. excellent safety profile and well 
< Pseudomonas aeruginosa, tolerated. CEFOBIDis _ 
< Enterococcus, and eos contraindicated in patients with 
- fragilis oe known allergy to the cephalosporin 
3 hi igh peak serum vate A ; Do class of antibiotics. 
4. therapeutic concentrations in a 7. b.i.d. dosing for all indications— = 
variety of tissues and body fluids. usual adult dosage | iS 4 to 2i g cea : Pe aha kes 
Body fluid levels and tissue 8. substantial administration cost 


penetration are regarded as savings because of b./. d: regimen! 
essential to therapeutic efficacy, 

but specific body fluid and tissue 

levels have not been correlated — 

with specific therapeutic effects. 











: ‘tg and 42g vials 


= + Banding results of susceptibility studies, therapy with CEFOBID may be 
initiated; however, treatment should be adjusted according to bacteriologie findings. 
tin infections. due to susceptible strains of indicated organisms. 







d Based on PDR, 1984; Manufacturer's Pirate Information. | 
In severe infections, or infections caused by less sensitive eh sai the total daily dose and/o 
_ $e increased. Patients have been successfully treated with a total daily dosage of 6 to 12 grams: 


Sie vate Carlin HS, Romankiewicz J: The impact of dosage regimen on intravenous drug cost. Scientific Exhibit, 
American Society of Hospital Pharmacists, New Orleans, Dec 6-10, 1981. 


acs m palients with known allergy to the cephatasporin-class of 
antibiolies. 

WARNINGS: BEFORE THERAPY WITH CEFOBID IS INSTITUTED, CARE- 
FUL INQUIRY SHOULD BE MADE TO DETERMINE WHETHER THE FA- 
TIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TC 
CEPHALOSPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT 
SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. 
ah SHOULD BE ADMINISTERED WITH CAUTION TO ANY PA- 

TIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICU- 
LARLY TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEQUS EPINEPHRINE AND OTHER 
EMERGENCY MEASURES 

PSEUDOMEMBRANOUS COLITIS HAS BEEN-REPORTED WITH THE 
USE OF CEPHALOSPORINS (AND OTHER BROAD-SPECTRUM ANTI- 
yan THEREFORE, IT IS IMPORTANT TO CONSIDER ITS DIAGNOSIS 
IN PATIENTS WHO DEVELOP DIARRHEA IN ASSOCIATION WITH ANTI- 
BIOTIC USE. 

PRECAUTIONS: Although transient elevations of the BUN and serum 
creatinine have been observed, CEFOBID alone does not appear to cause 
significant nephrotoxicity However, concomitant administration of ami- 
be and other cephalosporins has caused nephrotoxicity. 

FOBID is extensively excreted in bile. The serum half-life of 
CEFOBID is increased 2-4 fold in patients with hepatic disease and/or 
biliary obstruction. in general, total dally dosage above 4 g should nat 
be necessary in such patients. ii higher dosages are used. serum con- 
centrations should be monitored. 

Because renal excretion is not the main route of elimination of 
CEFOBID (see CLINICAL PHARMACOLOGY}. patients with renal failure 
fequire no adjusiment in dosage when usual doses are administered. 
When high doses of CEFOBID are used, concentrations of drug in the 
serum should be monitored periodically. if evidence of accumulation ex- 
ists, dosage should be decreased accordingly. 

The half-life of CEFOBID is reduced slightly during hemodialysis 
Thus, dosing should be scheduled to follow a dialysis period. In patients 
wilh both hepatic dysfunction and significant renal disease, CEFOBID 
dosage should not exceed 1-2 g daily without close monitoring of serum 
concentrations. 

As with other antibiotics, vitamin K deficiency has occurred rarely in 
patients treated with CEFOBID. Those at risk include patients wilh a poor 
nutritional stafus. malabsorption states (e.g. cystic fibrosis}, alcohol- 
ism, and patients on prolonged hyper-afimentation regimens (adminis- 
tered either intravenously of via a naso-gastric tube} Prothrombin time 
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nous thromboembolism and stroke, both hemorrhagic and thrombotic. 
hese studies estimate that users of OC's are 4 to 11 times more likely 
lan nonusers to develop these diseases without evident cause. 
FREBROVASCULAR DISORDERS—In a collaborative American study of 
brovascular disorders in women with and without predisposing 
ses, it was estimated that the risk of hemorrhagic stroke was 
times greater in users than nonusers and the risk of thrombotic 
ke was.4 to 9.5 times greater in users than in nonusers. 
ARDIAL INFARCTION iMH}—An increased tisk of MI associated 
ith the use of OC's has been reported, confirming a previously Sus- 
ected association. These studies, conducted m the UK, found, as 
pected, that the greater the number of underlying risk factors for coro- 
ery. disease (cigarette smoking, hypertension, hypercholesterole- 
besity, diabetes, history of pre-eclamptic toxemia) the higher the 
Sk of developing MI. regardless of whether the patient was an OC user 
rhot, OC's, however, were found to be a clear additional risk factor. In 
rms of relative risk, it has been estimated that OC users who do not 
moke (smoking 1s considered a major predisposing condition to Mi) are 
about twice as likely to have a fatal Ml as nonusers who do not smoke. 
‘OC users who are aiso smokers have about a 5-foid increased risk of fatal 
i compared tò users who do not smoke. but about a 10- to 12-told 
fitreased risk compared to nonusers who do not smoke. Furthermore, 
ount of smoking is aiso an important factor In determining importance 
-these relative risks, however, baseline rates for various age groups 
_Thust be given serious consideration. Importance of other predisposing 
“Conditions mentioned above in determining relative and absolute sks has 
oTyobas yet been quantified; quite likely the same synergistic action exists, 
«Dut. perhaps to a lesser extent. 
Se RISK OF DOSE -—in an analysis of data derived from several national 
oo -@dverse-reaction reporting systems. British investigators concluded that 
“isk of thromboembolism. including coronary thrombosis. is directly 
-Sélated to dose of estrogen in OC's. Preparations containing 100 meg or 
- omore of estrogen were associated with higher risk of thromboembolism 
ov than those containing 50-80 mcg. Their analysis did suggest, however, 
k that quantity. of estrogen may not be the sole factor involved. This finding 
has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—-A 
ocdarge prospective study carried out in the UK estimated the mortality rate 
“per 100,000 women per year from diseases of the circulatory system for 
“oo 4users and nonusers of OC's according to age. smoking habits, and 
<> Hüraton of use. Overall excess death rate annually from circulatory dis- 
“eases for OC users was estimated to be 20 per 100.000 (ages 15-34 — 
100,000; ages 35-44—33;100,000: ages 45-49— 140/100.000), nisk 
ing concentrated in-older women, in those with long duration of use, 
nd in cigarette smokers. It was not possible. however, to examine inter- 
dationships of age. smoking, and duration of use. nor to compare 
tectis of continuous vs. intermittent use. Although the study showed a 
foid increase in death due to circulatory diseases in users for 5 or 
e years, all these deaths o¢curred in women 35 or older. Unti! larger 
ibers of women under 35 with continuous use for 5 or more years are 
lable, it is not possible to assess magnitude of relative nisk for this 
nger group. Available data from a variety of sources have been ana- 
Zed-to estimate risk of death associated with various methods of contra- 
pption. Estimates of risk of death for each method include combined risk 
ontraceptive method (e.g., thromboembolic and thrombotic disease in 
case of OC's) plus risk attributable to pregnancy or abortion in event 
method failure. This latter nsk varies with effectiveness of method. The 
udy concluded that mortality associated with ali methods of birth con- 
oj is Jow and below that associated with childbirth. with the exception of 
sin women over 40 who smoke, Lowest mortality 1s associated with 
ondom of diaphragm backed up by early abortion. Risk of thromboem- 
lic and thrombotic disease associated with OC's increases with age 
ter about 30.and, for Mi, is further increased by hypertension, hyper- 
cholesterolemia, obesity, diabetes, or history of pre-eciamptic toxemia, 
Ad especially cigarette smoking. Physician and patent should be alert to 
arliest manifestations of thramboembalic and thrombotic disorders 
ig., thrombophlebitis. pulmonary embolism. cerebrovascular insuffi- 
“ciency, Coronary occiusion, retinal thrombosis. and mesenteric thrombo- 
sis}. Should any of these occur or be suspected, the drug shouid be 
discontinued immediately. A 4- to 6-fold increased nsk of postsurgery 
thromboembolic complications has been reported in OC users. 
‘tt feasible, OC's should be discontinued at least 4 weeks before surgery 
of a type associated with increased nsk of thromboembolism or pro- 
nged immobilization. 
-RSISTENCE OF RISK OF VASCULAR DISORDERS——Findings from one 
jdy in Britain involving cerebrovascular disease and another in the U.S. 
cerning Mi suggest an increased risk of these conditions in users of 
C's persists after discontinuation of the OC's. In the British study, risk of 
Hebrovascular disease remained elevated in former OC users for at least 
6 years after discontinuation. In the U.S. study. increased nisk of Mi 
persisted for at least 9 years in women 40 to 49 years old who had used 
for 5 or more years. Findings in both studies require confirmation 
ce they are inconsistent with other published information. 
Ocular Lesions- There have been reports of neuro-ocuiar lesions such 
S$ optic neuritis or retinal thrombosis associated with use of OC's. Dis- 
ontinue OC's if there is unexplained, sudden or gradual, partial or 
compiete loss of vision: onset of proptosis or diplopia: papilledema: or 
inal-vascuiarJesions. and institute appropriate diagnostic and therapeu- 
C measures. 
~ Carcinoma—Long-term continuous administration of either natural 
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carcinoma of the breast, cervix, vagina. and liver. Certain synthetic 
progestogens, none currently contained in OC's, have beer noted to 
increase incidence of mammary nodules, benign and malignant. in dogs. 
in humans, 3 case-control studies have reported an increased risk of 
endometrial carcinoma associated with proionged use of exogenous 
estrogen in postmenopausal women. One publication reported on the 
first Z1 cases submitted by physicians to a registry of cases of adenocar- 
cinoma of the endometrium in women under 40 on OC's. OF cases found 
in women without predisposing risk factors (¢.g.. irregular dieeding at 
the time-0€'s were first given, polycystic ovaries), nearly al: occurred in 
women who had used a sequential OC. These are no longer marketed. No 
evidence has been reported suggesting increased risk of endometrial can- 
cer in users of conventional combination or progestogen-ony OC's. Sev- 
eral studies have found no increase in breast cancer in women taking 
OC's or estrogens. One study, however, while aiso noting ne overall 
increased risk of breast cancer in women on OC's, found an excess risk 
in subgroups of OC users with documented benign breast disease. 
Reduced occurrence of benign breast tumors in users of OC s has been 
well documented. in summary, there is at present no confirmed evidence 
from human studies of increased risk of cancer associated with OC's. 
Close chuca! surveillance of ali women on OC's is, nevertheless. essen- 
tial. in al cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding. appropriate diagnostic measures shouid be taken to rule out 
makgnancy. Women with a strong family fustory of breast cancer or with 
breast nodules, fibrocystic disease, or abnormal mammograms should be 
monitored with particular care if they elect to use OC's. 

4. Hepatic Tumors——Benign hepatic adenomas have been found to be 
associated with use of OC's. One study showed that OC's with high hor- 
mona! potency were associated with higher risk than lower potency OC's. 
Although benign, hepatic adenomas may rupture and may cause death 
through intra-abdominal hemorrhage. This has been reported in short- 
term as well as long-term users. Two Studies relate sk with duration of 
use of OC's, the risk being much greater after 4 ar more years’ use. 
While hepatic adenoma is rare, it shouid be considered in women pre- 
senting abdominal pain and tenderness, abdominal mass or shock. A few 
cases of hepatocellular carcinoma have been reported in women on OC's. 
Relationship of these drugs ta:this type of malignancy is not known. 


5. Use in or immediately Preceding Pregnancy. Birth Defects in Offspring. 
and Malignancy in Female Oftspring—-Use of female sex hormones — 
both estrogenic and progestational agents——during early pregnancy may 
seriously damage the offspring. it has been shown that females exposed 
it utero to diethyistibestro!, a nonsteroidal estrogen, have imereased risk 
of developing in tater life a form of vaginal or cervical cancer ordinarily 
extremely rare. This risk has been estimated to be of the order of 1 in 
1,000 exposures or less. Although there is no evidence now that OC's 
further enhance risk of developing this type of malignancy. such patients 
should be monitored with particular care if they elect to use OC's. Fur- 
thermore, 30 fo 90% of such exposed women have been found to have 
epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it 1s not known whether this condition is a precursor 
of vaginal malignancy. Maie chidren so exposed may develop abnormali- 
ties of the urogenital tract. Although similar data are not available with 
use of other estrogens. it cannot be presumed they would not induce 
similar changes. An increased risk of congenital anomalies, including 
heart detects and limb defects. has been reported with use of sex hor- 
mones, including OC's. in pregnancy. One case-control study estimated a 
4 7-fold increase m risk of limb-reduction defects in infants exposed in 
utera to sex hormones (OC's, hormonal withdrawal tests for pregnancy, 
or attempted treatment for threatened abortion}. Some exposures 
involved only a few days. Data suggest that risk of imb-reduction defects 
in exposed fetuses is somewhat less than 7 in 1,000 ive births. in the 
past. female sex hormones have been used during pregnancy 19 an 
attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is 
no evidence from well-controlled studies that progestogens are effective. 
There is some evidence that tripicidy and possibly other types of poly- 
ploidy are increased among abortuses from women who become preg- 
nant soon after ceasing OC's. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase m 
spontaneous abortion of pregnancies conceived soon after stopping OC's 
iS unknown. itis recommended that. for any patient who has missed 2 
consecutive periods. pregnancy should be ruled out before continuing 
OC's. if the patient has not adhered to the prescribed schedule. the possi- 
bility of pregnancy should be considered at time of first missed period. 
and further use of OC's should be withheld unti pregnancy has been 
tuled out. If pregnancy is confirmed, the patient should be apprised of the 
potential risks to the fetus. and advisability of contiauation of the preg- 
nancy should be discussed. if is also recommended that women who 
discontinue OC's with intent of becoming pregnant use an alternate form 
of contraception for a period of time before attempting to concewe. Many 
chimcians recommend 3 months, although no precise information is avail- 
abie on which to base this. The administration of progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test 
af pregnancy. 

6. Galibladder Disease— Studies report increased risk of surgically con- 
firmed gallbladder disease tn users of OC's and estrogens. in one study. 
increased risk appeared after 2 years’ use and doubied after 4 or 5 years” 
use. in one of the other Studies, increased risk was apparent between § 
and 12 months’ use. 

7. Carbohydrate and Lipid Metabolic Effects — Decrease in glucose toler- 
ance has been observed in a significant percentage of patients or OC's. 
For this reason, prediabetic and diabetic patients should be carefully 
observed while on OC's. Increase in frigiycendes and total phospholipids 
has been observed in patients on OC's: clinical significance of this finding 
remains to be defined. 

8. Elevated Biood Pressure—tncrease in blood pressure has been 
reported in patients on OC's. In some women, hypertension may occur 
within a few months of beginning OC's. in the tst year of use. prevalence 
ot women with hypertension is low in users and may be no higher than 
that of a comparable group of nonusers. Prevalence in users increases, 
however, with longer exposure. and in the 5th year of use 1s 214 to 3 
times the reported prevalence in the ist year Age 1s also strongly corre- 
iated with development of hypertension in OC users. Women who previ- 
ously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure on OC's. Hypertension that develops 
as a result of taking OC's usually returns to normal after discontinaung the 
drug. 

9. Headache-—Onset or exacerbation of migraine of development of head- 
ache of a new pattern which is recurrent, persistent, or Severe, requires 
discontinuation of OC's and evaluation of the cause. 

10. Bleeding trreguiatites—-Breakthrough bleeding. spotting, and amen- 
orrhea are frequent reasons for patients discontinuing OC's. in break- 
through bleeding, as in ail cases of wreguiar vagina! bleeding, nanfunc- 
tional causes should be borne in mind. in undiagnosed persistent or 
recurrent abnormal bleeding from the vagina. adequate diagnostic mea- 
sures are indicated 40. rule owt pregnancy or malignancy. If pathology has 
been excluded. time or change to another OC may solve the problem. 
Changing to an OC with a higher estrogen content. white potentiaily usetui 








ern minimizing menstrual irregularity, 
=: since this may increase risk of thromboembolic disease. Women with 











shou id be done only # necessary, 


past history of of — rrhea or secondary amenorrhes or young 
women-wifhout regulat cycles may have a tendency to remain anovulatory 


of to become amenorrheic after discontinuing OC's. Women with these 


preexisting problems should be advised of this possibilty and encouraged 
to use other methods Post-use anovulation. possibly prolonged, may 
also occur in women without previous irrequiarities. 

11. Ectopic Pregnancy- Ectopic as well as intrauterine pregnancy may: 
accur in contraceptive failures. 

12. Breast-feeding—OC's given in the postpartum penod may intertere 
with jactation and decrease quantity and quality of breast mnik, Further- 
more, a smail frackon of the hormones in OC's has been identified in the 
milk of mothers on OC's. effects, if any. on the breast-fed child have not 
been determined. if feasible, defer OC's unt: infant has been weaned. 
Precautions —GENERAL —-1. A complete medical and farmly history 
should be taken prior to mation of OC's. Pretreatment and periodic 
physical exammations should include special reference to blood pressure. 
breasts, abdomen and pelvic organs. including Pap smear and relevant 
iaboratory tests. As a genera! rule OC's should not be prescribed for 
longer than 1 year without another physical exarmnahon. 

2. Under influence of estrogen- progestogen preparations, preexisting 
werne ieiomyomata may increase in size. 

3. Patients with history of psychic depression should be carefully 
observed and the drug discontinued if depression recurs to a serious 
degree. Patients becoming significantly depressed while on OC's shouid 
stap OC's and use an alternate method to try to determine whether the 
symptom is drug-related. 

4 OC's may cause some degree of fluid retenton. They should be 
prescribed with caution, and only with careful monitoring, in patients with 
conditions which might be aggravated by fluid retention, such as convul- 
sive disorders, migraine syndrome, asthma, or cardiac ar renal 
insufficiency. < 

§. Patients with a past history of jaundice during pregnancy have an 
increased risk of recurrence while an OC's. If jaundice develops. OC's 
should be discontinued. 

6. Steroid hormones may be poorly metabolized in patients with impaired 
liver function and should be admunistered with carton., 

7, OC users may have disturbances in normal tryptophan metabolism 
which may result in a relative pyridoxine deficiency. Chinmcal significance is 
undetermined. 

8. Serum folate levels may be depressed by OC's. Since the pregnant 


woman is predisposed to development of folate deficiency and incidence 
of folate deficiency increases with increasing gestation. it s possibie that 


if a woman becomes pregnant shortly after stopping OC's, she may have 
a greater chance of developing folate deficiency and complications attrib- 
uted to this deficiency. 
infermation tor the Patient——See Patient Package Labeling. 

Tests 1. The pathologist should be advised of OC therapy 
when relevant Specimens are submitted. 
2. Certain endocrine- and inver-lunction tests and blood components may 
be affected by estragen-containing OC's: 
a. increased sulfobromophthaiemn retention. 
b. Increased prothrombin and factors Vil, VIH, IX. and X, decreased 
antithrombin 3. increased norepineghrine-induced platelet aggregatuiity, 
c increased thyroid-binding globulin {TBG} leading to increased circulat- 
ing total-thyrond hormone. as measured by protein-bound iodine {PBI 
T4 by column. or TA by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG: free T4 concentration is una‘tered. 
d. Decreased pregnanediat excretion. 
e. Reduced response to metyrapone test. 
Drug interactions — Reduced efficacy and increased medence of break- 
through Dieeding have been associated with concomitant use of rifampin 
A simular association has been suggested with barbiturates, phenylbuta- 
zone phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis, is, impairment of Festility--See Warnings 
section #3, 4 and 5 for information on carcinogenesis, mutagenesis. 
and impairment of fertility. 
Pregnancy ——Category X. See Contramndications. Warnings. 
Nursing Mothers-—See Warnings. Because of the potential for adverse 
reactions in nursing fants from oral contraceptive tablets. a decision 
should be made whether to discontinue the drug. taking ito account the 
importance of the drug to the mother 
Adverse Reactiens—An increased risk of these serious adverse reactions 
has been associated with use cf OC's {see Warnings): thrombophiebitis, 
pulmonary embolism, coronary thrombosis. cerebral thrombosis, cere- 
bral hemorrhage, hypertension, gallbladder disease, benign hepatomas. 
congenital anomalies. There is evidence of an association between the 
following conditions and use of OC's although additional confirmatory. 
Studies are needed: mesenteric thrombosis, neurd-ocular lesions, e.g., 
retinal thrombosis and optic neuritis. l 
The follawing adverse reactions have been reported in patients on OC's 
and are believed to be drug-related. Nausea and/or vormting. usually the 
most commoradverse reactions, occur in approximately 10 percent of 
iess of patients during the first cycle. Other reactions, as a general ruie, 
are seen much iess frequently or only occasionally. Gastromtestinal symp- 
toms (such as abdominal cramps and bloating). breakthrough bleeding, 
spotting, change in menstrual flow, dysmenorrhea, amenorrhea during 
and after treatment. temporary intertility after discontinuance of treat- 
ment, edema: chioasma or melasma which may persist; breast changes: 
tenderness, enlargement, and secretion, change in weight (crease or 
decrease), change in cervical erosion and cervical secretion, possible 
diminution in lactation when given immediately postpartum: cholestatic 
jaundice: migraine: increase in size of uterine lesomyomata, rash 
failergic); mental depression, reduced tolerance to carbohydrates. vaginal 
candidiasis: change in corneal curvature (steepening), intolerance to con- 
tact lenses. 
The faliowing adverse reactions have been reported in users of OC's, and 
the association has been neither confirmed nor refuted: premenstruai-lke 
syndrome, cataracts. changes in libido, chorea. changes in appetite, cys- 
titis-like syndrome, headache. nervousness, dizziness, hirsutism, loss of 
scaip hair, erythema multiforme, erythema nodosum. hemorrhagic erup- 
tion, vaginitis, porphyria. 
Acute Overdose — Serious iii effects have not been reported following 
acute ingestion of large doses of OC's by young chidren. Overdosage 
may cause nausea, and withdrawal bleeding may occur in femaies. 
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EDITORIAL 





New format for the American J ournal of Obstetrics 


and Gynecology 


_ You will notice with this issue that a new format for 
the Journat has been adopted. The clinical articles are 
grouped i in. one section of the JOURNAL and the basic 
science articles in another. The lead article in the Clini- 


cal Section will be a Clinical Opinion article to be fol-, 


lowed by regular ‘clinical articles, Brief Communica- 
tions, Case Reports, Current Investigation articles, 
when available, and- finally Clinical Current Develop- 
ment articles in some issues. The Basic Science section 
will have regular articles, Brief Communications, Cur- 
rent Investigation ‘articles, and Current ENa 
articlés when available. 

These changes are intended for the convenience of 


our readership. We realize some of the readers are’ 


primarily interested in clinical articles and others in 
basic science. A recent survey documented that many 
physicians choose articles by title alone; hence the new 
format will give easier access to their choices. 


Some physicians have said they do not read the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 
because it contains too much basic science. We are 
proud of the fact that many fine basic science inves- 
tigators choose to publish their work in the JOURNAL. 
These articles represent twenty percent of all we pub- 
lish. Our excellent clinical articles (as pointed out in the 
yearly statistics) outnumber basic science articles by 


_ four times, and we felt grouping the articles under 


a clinical heading might help convince the readers 
that the AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY is a journal for all-obstetricians and 
gynecologists. This was a mission established for the 
JOURNAL many years ago by the Editors. 

The Editors and Publisher hope that you will like the 
new format. 
The Editors 
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Clinical Opinion 


Autocorrelation techniques in fetal monitoring 


Michael Y. Divon, M.D., Fred P. Torres, B.M.E., Sze-Ya Yeh, M.D., and 


Richard H. Paul, M.D. 
Los Angeles, California 


Fetal monitors that feature autocorrelation have recently been introduced. This paper discusses 


autocorrelation and describes how it extracts periodic signals from a noisy background. An example of its 


performance under clinical conditions demonstrating advantages and limitations is discussed. (Am J 


Osstet GYNECOL 1985;151:2-6.) 


Key words: Fetal heart rate, fetal monitoring, autocorrelation 


Electronic fetal heart rate testing has become the 
standard of practice for antepartum assessinent of fetal 
well-being. The most common method of external fetal 
heart rate monitoring utilizes Doppler ultrasound de- 
vices. These monitoring systems derive trigger signals 
from the reflection of sonic waves from the beating fetal 


. heart. The fetal heart rate tracing is produced by mea- 


suring the intervals between successive trigger signals. 
This indirect, externally derived fetal heart rate is usu- 
ally a reasonable representation of a true fetal heart 
rate. However, an absolute represeiitation of a fetal 
heart rate can be obtained only from a direct electrode 
system. : 

During the last decade, a number of advances have 
been made in ultrasonic techniques. Recently, fetal 
monitors that feature autocorrelation in the ultrasound 
section of the instrument have been introduced. Au- 
tocorrelation as a method of signal processing is not 
new. It has long been used in communication systems 
to retrieve weak signals from noisy backgrounds. Its 
use in fetal monitoring was suggested by Favret in the 
early 60s.' Nevertheless; until the advent of the micro- 
processor, the implementation of this technique was 


- commercially impractical. 


The characteristics of any fetal monitoring system 
must be understood by the user, and particular atten- 
tion must be paid to features that may induce artifact 


‘From the Department of Obstetrics and Gynecology, University of 
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or lead to misinterpretation. All fetal monitors utilize 
signal processing and “logic” techniques to create an 
indirect fetal heart rate record. This indirect record 
will often differ from the “true,” or actual, heart rate. 


- The user must be fully aware of the effects of electronic 


manipulation and interpret the resultant heart rate 
within that context. It is the intent of this paper to 
discuss autocorrelation and to describe how it extracts 


periodic signals from a noisy background. An example 


of its performance under ‘clinical conditions demon- 
strating advantages and limitations will be discussed. 


Signal processing | 

The Doppler signal. The Doppler ultrasound signal 
is a periodic, bipolar signal immersed in noise. Arterial 
blood flow, fetal movements, maternal movements, or 
muscle contractions may randomly alter the received 
ultrasonic waves. The resulting composite signal (Fig. 
1) consists of bursts of varying amplitudes and fre- 
quencies. These complex reflected signals cannot be 
easily associated with the motion of a specific cardiac 
structure. Likewise, signal characteristics are dramati- 
cally affected by transducer placement and movement. 
Until recently, to extract the relevant information, most 
manufacturers of fetal monitors have used an almost 
universal scheme that is best depicted by a block dia- 
gram of a conventional fetal monitor (Fig..2), First, the 
incoming signal is amplified and demodulated to ex- 
tract signals produced by moving anatomic structures. 
Filtering is then applied both at the low end (<200 Hz) 
and the high end (>600 Hz) to select and emphasize 
frequencies likely to be associated with fetal cardiac 
motions. The bipolar signal is converted to a unipolar 
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Fig. 1. Simultaneously recorded ultrasound and electrocardiogram signals. 
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Fig. 2. Basic components of a conventional fetal monitor. FHR, Fetal heart rate. 


one by electronic rectification. This is followed by fur- 
ther filtering to produce an output that indicates only 
the relative amplitude and timing of successive signal 
bursts. This signal is fed to a threshold or peak detector 
that’ produces a pulse for each significant burst. The 


pulse output of the peak detector is then fed to a mi- ` 


croprocessor for additional processing. . 
Since no determination can be made of the specific 
anatomic origin of the Doppler signal bursts, consis- 
tency of timing between successive events is heavily re- 
lied on as a criterion to accept a pulse as valid or invalid. 

In an attempt to overcome the intrinsic problems due 
to the inconsistency of ultrasonic signals, software rou- 
tines provide editing and “logic” to eliminate triggers 
that are likely to be artifacts. In addition, averaging 
over brief time periods is commonly used to “enhance” 
the appearance of the fetal heart rate pattern. Thus 
the fetal heart rate derived from these signals may un- 
der ideal circumstances closely approximate, but can 
never duplicate, the “true” fetal heart rate. 

_ Autocorrelation. Autocorrelation has been used to 
detect weak signals immersed in random noise or to 
detect periodic signals from seemingly complex signal 
patterns.” In essence, it is a signal processing scheme 


-+ 


that compares the incoming signal with a time-delayed 
version of itself. The useful information in the signal 
has a regular form that is repeated over time. At the 
same time the background noise has no such regularity. 
As a result, the useful information is augmented while 
the random noise is cancelled. 

To understand how this method works, let us assume 
that two waveforms, A and B, are identical. If this fact 
was not known, a good method of measuring the sim- 
ilarity between A and B would be to multiply the wave- 
forms, ordinate by ordinate, and then sum them over 
a period of time. For example, a, ag, a3, ...a, Of A 
would be multiplied respectively by corresponding or- 
dinates b,, by, bs, ... ba of B. These products are then 
summed to obtain a single value. The magnitude of 
this value is an expression of the degree of “sameness” 
between the two waveforms. If the waveforms are iden- 
tical, every product (a, X b,) is positive, even for neg- 
ative ordinates, and the sum is a large positive number. 
If the waveforms are dissimilar, some ordinates are 
likely to be of opposite polarity and differing ampli- 
tude, and consequently the sum of the products will be 
a smaller number. 

If we now take two identical waveforms (Fig. 3), but 
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Fig. 4. A comparison between envelope and autocorrelation 
detection of an ultrasound signal. /, Ultrasound signal; 2, its 
envelope; 3, its autocorrelation function. 
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delay one, say B, by a time interval with respect to the 
other, the corresponding ordinates, a, and b,, are no 
longer identical. For a large delay, the ordinates may 
even assume different polarities. Thus positive prod- 
ucts will tend to cancel negative products, and the re- 
sulting measure of “sameness” will be smaller. The pro- 
cess of comparing a waveform with itself as described 
above is termed autocorrelation.’ 

In a strict sense, autocorrelation can be performed 
only on a “stationary wave.” For signals associated. with 
ongoing processes, such as fetal heart rate signals, mul- 


plication and summation can be continuous along the 


time axis as the waveforms are sampled at short time 
intervals. The computation takes place for each sam- 
pled data and the summation is made over a period 
designated as T. T is called the computation interval 
or time window and may extend over several cycles of 
‘the waveforms. The result is a new continuous time 
varying function called the autocorrelation function. 
This operation is described in the following mathe- 
matical form: 


C = A ftw - f(t-7) dt 
T o 
where C is the autocorrelation function, T the com- 
putation interval, f(t) the original waveform, 7 the delay 
and f(t-r) the delayed waveform. 

A periodic signal will produce an autocorrelation 
function with the same period.’ For a random signal 
such as noise (which has no constant or periodic com- 
ponents), the autocorrelation function approaches zero 
as the observation period increases. This is intuitively 
plausible since, given the random nature of noise and 
a large enough shift, the ordinates (a, X b,) will not 
increase in amplitude as is the case with periodic func- 
tions, but rather will tend to cancel out. Thus a periodic 
waveform with superimposed noise will produce a pe- 
riodic autocorrelation function with very little noise su- 
perimposed on it. Further mathematical discussion of 
noise and its autocorrelation function is beyond the 
scope of this paper. A formal presentation of this sub- 


` ject can be found in a book by Lee.? 
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Fig. 5. Original fetal electrocardiogram and simultaneously recorded clean ultrasound signals. 1, 
Electrocardiogram; 2, ultrasound; 3, direct fetal heart rate; 4, “autocorrelation” fetal heart rate; 5, 
“conventional” fetal heart rate. Heart rate in boxed areas is derived from the original signals shown 


at left. 


The ability of autocorrelation to enhance the peri- 
odicity present in a signal and at the same time to de- 
crease the contribution caused by random noise makes 
it a potentially beneficial method for processing ultra- 
sound signals in a fetal monitor. 

Fig. 4 shows the original ultrasonic signal and the 
envelope obtained by a conventional fetal monitor after 
filtering and rectification. Such a waveform would be 
difficult to “count,” since the threshold detector would 
have to discriminate between peaks of virtually the 
same magnitude. The resultant count would, in all 
probability, be out of range or would have a large vari- 
able component. As a contrast, the autocorrelation 
function derived from the same ultrasonic wave fea- 
tures peaks that are easy to count and the ensuing vari- 
ability will be low (Fig. 4). 

Recently we have examined the accuracy of abdom- 
inally recorded ultrasound fetal heart rate signals rel- 
ative to those obtained via direct fetal electrocardio- 
gram. Fetal heart activity was simultaneously recorded 
during labor by means of a scalp electrocardiogram 
(Corometrics Fetal Monitor 112), and an external ul- 
trasound detector that incorporates autocorrelation in 
its design (Corometrics Fetal Monitor 115). In order to 
assess the effect of autocorrelation on the ultrasound 
signal, the raw signal was recorded (Database CPR 
4010B) and then replayed into the ultrasound section 


of a conventional monitor (i.e., one that does not use 
autocorrelation techniques) (Corometrics Fetal Monitor 
112). 

Recent experience with these systems has provided 
observations that emphasize the ability of the system 
that uses autocorrelation to extract the ultrasound sig- 
nal from a very noisy background. The direct fetal 
heart rate, which was derived via a fetal scalp electrode, 
is presented in Fig. 5. This is the absolute represen- 
tation of the fetal heart rate pattern, and the standard 
against which other techniques must be judged. The 
ultrasonic signal for the same period of time is also ` 
presented in Fig. 5. As seen, the signal-to-noise ratio is 
high and both monitors (i.e., with and without auto- 
correlation) did provide a reasonable reproduction of 
the actual fetal heart rate. On the other hand, when 
the signal-to-noise ratio was low, as in Fig. 6, the au- 
tocorrelation-based ultrasound system did fairly well, 


- whereas the conventional design could not produce an 


interpretable fetal heart rate tracing. These fetal heart 
rate tracings are compared to the simultaneously re- 
corded direct fetal heart rate in Fig. 6. 


Comment 

An externally recorded fetal heart rate should not 
be considered to be as accurate as a direct fetal heart 
rate, irrespective of the technique used to provide the 
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Fig. 6. ER fetal electrocardiogram and simultaneously recorded noisy ultrasound signals. Z, 


Electrocardiogram; 2, ultrasound; 3, direct fetal heart rate; 4, “autocorrelation” fetal heart rate; 9, 
“conventional” fetal heart rate. Heart rate in boxed areas is derived from the original signal shown 


| at left. 
external tracing. A recent report by Amato® provides With the clinical application of new techniques, un- 
documentation of the errors inherent to an indirect, expected findings are likely to surface. In order to avoid 
ultrasonically derived fetal heart rate and its potential incorrect interpretation or intervention, caution must 
for misinterpretation. Lawson et al.’ compared an au- be advised. Vigilance and an intelligent approach to 
tocorrelation system to a direct fetal electrocardiogram unusual occurrences will lead to definitive observations. 
and to a conventional external monitor. They con- Itis hoped that this article will assist care providers with 
cluded that a reduction in signal loss has been achieved | an organized and thoughtful introduction of a new 
relative to the nonautocorrelation system and that the monitoring technique. 
accuracy of the autocorrelation system was “within ac- 
ceptable limits” relative to the direct electrocardiogram. REFERENCES 
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The significance of a previous stillbirth 


Roger K. Freeman, M.D., Wendy Dorchester, M.P. H, Gerald Anderson, M.D., and 


Thomas J. Garite, M.D. 
Long Beach, California, and Burlington, Vermont 


Among 7052 patients studied between 1976 and 1 982 in a collaborative project on antepartum fetal heart 
rate monitoring, 337 patients had a previous stillbirth as a reason for testing. Overall a previous stillbirth 
history significantly increased the risk of having a positive result on a contraction stress test, primarily 
among hypertensive patients. Patients with a previous stillbirth also had a significantly higher incidence of 
respiratory distress syndrome | in their neonates attributable to premature intervention for maternal 
indications (primarily among hypertensive women and patients with clinical intrauterine growth retardation). 
Low Apgar scores were found to be significantly increased in diabetics with previous stillbirths primarily 
due to neonates with congenital malformations. Premature intervention by labor induction or. cesarean 
section.was more common among patients with a previous stillbirth for both maternal indications and 
abnormal antepartum fetal heart rate studies. Previous stillbirth would appear therefore to be a significant 
risk factor primarily when associated with a diagnosis of hypertension or clinical intrauterine growth 


retardation. (AM J OBSTET GYNECOL 1985;151:7-13.) 


Key words: Stillbirth, contraction stress test, morbidity, mortality 


A history of a previous stillbirth is.a well-accepted 
risk factor for increased mortality in a subsequent preg- 
nancy. Most classifications regard a previous stillbirth 
history as among the most significant of all historic risk 
factors. ~! The Collaborative Perinatal Study con- 
ducted by the National Institute of Neurological Dis- 
eases and Stroke showed that patients whose previous 
pregnancy had resulted in a stillbirth had a perinatal 
mortality of 73 per 1000 in the next pregnancy and 
1.7% of their surviving offspring were neurologically 
abnormal at 1 year. The 1963 British perinatal mor- 
tality study showed that a history of a previous perina- 
tal death more than doubled the subsequent risk of 
pregnancy loss and/or premature delivery histories.?° 
The data from these two historic studies were gathered 
prior to modern methods of antepartum fetal surveil- 
lance techniques and therefore prior to an era of preg- 
nancy intervention for fetal reasons. , 

This study represents an attempt to evaluate the 
significance of a history of previous stillbirth among a 
group of patients followed with antepartum fetal heart 
rate testing. 
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Material and methods 


The study group consisted of 308 patients with.a 


history of previous stillbirth among 7052 high-risk pa- 
tients undergoing antepartum fetal heart rate testing. 
The data for this study were gathered from 19 institu- 
tions participating in a collaborative study on antepar- 
tum fetal heart rate testing between 1976 and 1980, the 
details of which were previously reported.!°-? 

An additional 29 Long Beach Women’s Hospital pa- 
tients with previous stillbirth subsequently added be- 
tween 1980 and 1982 bring the number of patients 
with previous stillbirth to 337. Each patient's clinical 
data as well as specific data on each antepartum test 
were prospectively coded for subsequent computer 
analysis. 

Excluded from the 7448 patients presented pre- 
viously"! were 396 patients whose testing was not 
satisfactory or who were not compliant. This included 
three patients with fetal deaths who were excluded be- 
cause they were not satisfactorily tested. Their histories 
are as follows: 


Case 1. The te was a Class B diabetic with a 
previous stillbirth who had a reactive negative contrac- 
tion stress test at 36 weeks’ gestation but was not re- 
tested for 18 days. She reappeared in labor at 39 weeks’ 
gestation and was delivered of a 2810 gm stillborn in- 
fant with a tight nuchal cord. 

Case 2. The patient was a Class A diabetic with a 
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Table I. Diagnoses of study patients* 





Total of patients studied ` | 7052 

Patients with previous stillbirth — 337 
Previous stillbirth only 163 
Previous stillbirth and hypertension 83 
Previous stillbirth and diabetes 71 
Previous stillbirth and clinical intra- 29 
uterine growth retardation 
Previous stillbirth and postdates , 21 


*More than one additional diagnosis possible. 


previous stillbirth and massive obesity. She had one test 
that was completely unsatisfactory for technical reasons 


at 36 weeks’ gestation and 7 days later was delivered of 


a 5840 gm stillborn infant with multiple anomalies. 

Case 3. The patient was a Class A diabetic with a 
previous stillbirth who had orie unsatisfactory test at 35 
weeks’ gestation and 2 weeks later was delivered of a 
4280 gm stillborn infant with a “cord accident.” 


One hundred sixty-three of the 337 patients with a 
previous stillbirth had no other reason for testing. Of 
the 174 remaining patients with at least one other rea- 
son for testing, 71.were diabetic, 83 were hypertensive, 
29 had clinically diagnosed intrauterine growth retar- 
dation, and 21 were postdate. (Table I). The average 
_ number of antepartum fetal heart rate tests per patient 
with a previous stillbirth was 5.0 compared to 2.5 tests 
per patient for the total population studied. 


Antepartum testing results 
Two hundred eight of the total 7052 patients studied 


had positive: contraction stress test results (3.0%). Nine-' 


teen of the'337 patients with a previous stillbirth had 
positive contraction stress test results (5.6%) (p < 0.05). 
This difference was primarily accounted for by the pa- 
tients with previous stillbirth plus hypertension (12.0% 
positive contraction stress test) and patients with previ- 
ous stillbirth plus a clinical diagnosis of intrauterine 
growth retardation (17.2% positive contraction stress 
test). Patients with a previous stillbirth as the only rea- 
son for testing could not be shown to have a higher risk 
of having a positive contraction stress test (3.7%) than 
all tested patients (3.0%) (Table II). 

Among patients with hypertension, those with a 
previous stillbirth had a greater risk of having a posi- 
tive contraction stress test (12.0%) than did hyperten- 
sive patients with no previous stillbirth (4.3%) ‘p< 
0.01) (Table III). Among patients with diabetes a pre- 
vious stillbirth history could not be shown to increase 
the risk of a positive contraction stress test, but there 
was a trend in that direction (5.6% versus 3.6%) (Table 
III). Although 17.2% of patients with clinical in- 
trauterine growth retardation and previous stillbirth 
had positive contraction stress test results compared to 
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Table IÍ. Antepartum fetal heart rate testing 
results and incidence of a positive contraction 
stress. test 










Positive 
contraction 
Stress test 


All patients studied 7052 208 3.0 
(1976-1980) 

Patients without previous 6744 194 2.9 
stillbirth (1976-1980) . 

Patients with previous 337 19 5.6* 
stillbirth (1976-1982) 
Previous stillbirth 83 10 12.0* 
and hypertension 
Previous stillbirth a 4 5.6 
and diabetes 
Previous, stillbirth 29 5 17.2% 


and clinical intrauter- 
ine growth retardation 


Previous stillbirth , 21 0 = 
and postdates 
Previous stillbirth 163 6 3.7 


as only reason for 
antepartum fetal heart 
rate testing 


*Statistically significant (p < 0.05) when compared by x’ to 
patients without previous stillbirth. 


8.2% of those patients with clinically diagnosed in- 
trauterine growth retardation and no previous still- 
birth, this difference was not statistically significant 
(Table IH). There was also no increased incidence of ` 
positive contraction stress test results among postdate 
patients with previous stillbirth than among those 


patients that were without a previous stillbirth (Table 


HI). 


Perinatal outcome results 


Patients with a previous stillbirth did not have a 
higher incidence of growth retardation, low 5-minute 
Apgar scores, late deceleration in labor, or perinatal 
deaths than the general population of patients studied 
(Table IV), There was, however, a significantly higher 
incidence of respiratory distress syndrome in patients 
with a previous stillbirth (3.9%) than in all other tested 
patients (1.7%) (p < 0.05). 

Table V compares outcome parameters (congenital 
anomalies, neonatal weight below the tenth percen- 
tile, 5-minute Apgar scores, late deceleration in labor, 
stillbirth, neonatal death, and respiratory distress syn- 
drome) between patients with a sole diagnosis of previ- 
ous stillbirth and those with a. diagnosis of previous 
stillbirth plus diabetes, hypertension, clinical IUGR, 
and late dates. Congenital anomalies were highest 
among diabetics (7.0%), but no statistically significant 
differences were demonstrated. There also were no 
statistical differences between groups in occurrence of 
late deceleration in labor, stillbirth, and neonatal death. 
Although only 31% of those with a clinical diagnosis 
of intrauterine growth retardation actually delivered 
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Table III. Relationship of hypertension, diabetes, clinical intrauterine growth retardation, postdates, and 
history of previous stillbirth to incidence of positive contraction stress test 


Previous stillbirth No previous stillbirth 


- Positive Positive 
i contraction 
stress test 










contraction 
Stress test 








Hypertension l 
Chronic hypertension 46 7 15.2 796 40 5.0 <0.01 
Preeclampsia 32 3 9.3 1031 42 4.2 NS 
Other hypertension 5 0 — 149 2 1.3 NS 
Hypertension total 83 10 12.0 1976 84 4.3 <0.01 
Diabetes 
Class A 21% I 4.8 | 514 13 2.5 NS 
Class B-R 50 5 6.0 394 20 aie NS 
Diabetes total 71 4 5.6 908 33 ' 3.6 NS 
Clinical intrauterine 29 5 17.2 658 54 8.2 NS 
growth reterdation 
Postdates 21 0 0 3092 51 1.6 NS 
*Statistical comparisons by x? or Fisher’s exact test depending on cell size. 
neonates with birth weight below the tenth percentile Table IV. Perinatal outcome for patients with 
for gestational age, this was significantly higher than and without a previous stillbirth 
for patients without a clinical diagnosis of IUGR (p< | 
All other 
0.01). The incidence of 5-minute Apgar scores below 7 re, 
was significantly higher only among diabetics with patients 
previous stillbirth (8.5%) (p < 0.05). This was due to ` | uiri 
s ee , Previous previous 
neonates with congenital malformations. The occur- stillbirth stillbirth 


rence of respiratory distress syndrome was significantly ~ | (nm = 337) | (n = 6744) 
more common among hypertensive patients with a 
previous stillbirth (9.6%) (p < 0.01) and patients with a 
previous stillbirth and clinical intrauterine growth re- Weight percentile 17 5.0 368 5.5 NS 
tardation (10.3%) (p < 0.01) than among those patients cea : 

: ree oie, 8 P 5 min apgar score 13 3.9 178 2.6 NS 
with only a history of previous stillbirth (0.6%). <7 . 


Outcome 








Among patients with hypertension the only outcome Late deceleration 99 86 664 98 NS 
parameter that differed significantly between those ted an ‘ oF A ae ae 
with a previous stillbirth (9.6%) and those without a Respiratory dis- 13 39 119 17 <0.05 
previous stillbirth (3.0%) was the incidence of respira- tress syndrome ’ 
tory distress syndrome (p < 0.05) (Table VI). Among 


: , f *Statistical comparisons by x’ or Fisher’s exact test depend- 
diabetics the only outcome parameter that differed ing on cell size. J a 


significantly between those with a previous stillbirth 
(8.5%) and those without a previous stillbirth (3.0%) 
was the 5-minute Apgar score below 7 (p<0.05) . pertensive patients with a previous stillbirth (p < 0.05), 


(Table VII). Among patients with clinically diagnosed and 65.5% of patients with clinical intrauterine growth 
intrauterine growth retardation the only significant retardation plus a previous stillbirth (p < 0.05). Only 
outcome parameter difference was for a neonatal diabetics with a previous stillbirth had significantly 
weight percentile below 10 (31.0% for those with a more induced labor (36.6%) than patients with previ- 
previous stillbirth versus 10.5% for those with no pre- ous stillbirth alone (19.6%) (p < 0.05) (Table X). 

vious stillbirth) (p < 0.01) (Table VIII). Table IX shows Maternal indication for intervention was significantly 
that no outcome parameters differed between post- higher among patients with a previous stillbirth and 
date patients with a previous stillbirth and those with with hypertension (19.3%) (p < 0.01), those with diabe- 
none. ae tes (16.9%) (p < 0.01), and those with clinical intra- 


uterine growth retardation (20.7%) (p < 0.05) than in 


Intervention results patients with previous stillbirth only (5.5%). Interven- 


Among patients with ‘a diagnosis of a’ previous still- tion because of abnormal antepartum fetal heart rate 
birth only 39.3% had pregnancy terminations before testing results were significantly higher among hyper- 
spontaneous labor began compared to 72.4% of diabet- tensive women with a previous stillbirth (19.3%) (p < 


ics with previous stillbirth (p < 0.05), 66.3% of hy- 0.01) and patients with clinical intrauterine growth re- 
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Table V. Previous stillbirth and perinatal outcome 







































Weight 5 min Late Respiratory 
- Congenital percentile lee score | deceleration Neonatal distress 
aasa <10 in labor Stillbirth death syndrome 
No. of 
Previous stillbirth 163 ] 0.6 
only 
Previous stillbirth thos 5 7.0 0 0 G>. -6.07 6 8.5 -0 0 0 90 4 5.6 
and diabetes 
Previous stillbirth 83 2 24 10 12.0 4 48 8 96 0 0 l 1.2 8 9.67 
-and hyper- ‘= 
tension 
Previous stillbirth 29 ] 3.4 9 S10; 2 69 3 10.3 0 0 l 3.4 3 10.3* 
and clinical. ; 
intrauterine. 
growth retar- 
dation ` p 3 l 
Previous stillbirth 20 -0 0 0 0 l 4.8 2 9.5 0 0 0 0 0 0 


and postdates 


Statistical comparisons by x° or Fisher’s exact test depending on cell size. 
*p < 0.05 when compared to patient with previous stillbirth only. 
tp < 0.01 when compared to patients with previous stillbirth only. 


Table VI. Perinatal outcome for patients with Table VII. Perinatal outcome for diabetics 
hypertension and previous stillbirth compared with previcus stillbirth compared to diabetics 
‘to those with hypertension and no previous | without previous stillbirth 


stillbirth No 





















Previous No previous Ereraus previous 
stillbirth "stillbirth F a 
plus plus plus plus 
hypertension | hypertension diabetes diabetes 
(n = 83) (n = 1976) (m = 71) {n = 908) 





Outcome p* 
Weight percentile 10 12.0 152 77 NS wees percentile 0 — 26 29 NS 
<10 i , l 
5 min Apgar 4 4.8 77 39 NS | 5 min Apgar 6 8.5 27 3.0 <0.01 
score <7 ' score <7" 
Late deceleration 8 96 186 9.4 NS Late deceleration 6 8.5 70 7.7 NS 
“ Stillbirth 0 — 13 0.7 == Stillbirth 0 — 4 0.4 NS 
Neonatal death I 825 20; LO  — Neonatal death 0 — 10 ILII NS 
Respiratory dis- 8 96 60 30 <0.05 Respiratory dis- 4-56 25 2.8 NS 


tress syndrome tress syncrome 
*Statistical comparisons by x’ or Fisher’ s exact test depend- 


*Statistical comparisons Py the x" or Fisher’s exact test de- 
l ing on cell size. 


pending on cell size. 


tardation plus a previous stillbirth (27.6%) (p < 0.01) birth was 7.3%, we would have expected 25 perinatal 


compared to patients with previous stillbirth only deaths among the 337 patients with a previous stillbirth 
(7.4%) (Table XI). in this study. Actually only four perinatal deaths oc- 
curred, but in patients satisfactorily studied with 

Comment antepartum “etal heart rate testing there were no still- 
There is general agreement among obstetricians that births and only-one neonatal death. Certainly many 
history of a previous stillbirth is a significant risk factor things have changed ‘in the past 25 years to account for 
for poor subsequent-pregnancy outcome. Among the the improved outcome but it would appear that ante- 
. various risk scoring systems where a weighted risk partum fetal heart rate testing offers significant pro- 
valúe is arbitrarily assigned, a previous stillbirth history tection to patients with a previous stillbirth history. 
usually carries. the maximum assigned weight. If we Since perinatal death.is now rare even among high-risk 
. extrapolate from the collaborative study data? in which patients followed with antepartum fetal heart rate test- 


perinatal mortality i in the pregnancy following a still- ing, we must turn to these test results, morbidity out- 
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Table VIII. Perinatal outcome for patients 

with clinical intrauterine growth retardation 

and previous stillbirth compared to those with 

clinical intrauterine growth retardation with 

no previous stillbirth 

No previous 
stillbirth 


plus clinical 
intraulerine 


Previous 
stillbirth 
plus clinical 
intrauterine 


growth growth 


retardation 


(n = 658) 


retardation 


(n = 29) 


Outcome 





Weight percentile 9 31.0 69 105 <0.01 
<10 l 


5 min Apgar 2 69 31 4.7 NS - 
score <7 i 
Late deceleration 10.3 Si [23 NS 


Stillbirth 

Neonatal death 

Resptratory dis- 
tress syndrome 


*Statistical comparisons by x? or Fisher’s exact test depend- 
ing on cell size. 


come parameters, and need for intervention to evalu- 
ate the impact of risk factors today. | 

In an attempt to measure the significance of a previ- 
ous stillbirth as an independent variable, we found that 
a history of previous stillbirth was significantly corre- 
lated with a higher risk of having a positive contraction 
stress test and neonatal respiratory distress syndrome. 

The group at least risk for a positive contraction 
stress test in a collaborative antepartum fetal heart rate 
testing study were those tested because of postdates 
(1.6%).' Because the largest percentage of patients in 
the total collaborative antepartum fetal heart rate test- 


ing study were tested because of late dates (44.3%)! 


and the previous stillbirth subgroup had only 6.2%-late 
dates, the increased risk of a positive contraction. stress 
test in patients with a previous stillbirth could have 
been accounted for solely because previous stillbirth is 
more common among hypertensive women, diabetics, 
and clinically diagnosed intrauterine growth retarda- 
tion patients, and history of previous stillbirth itself 
may not actually influence test results. It was therefore 
decided to look at the risk of previous stillbirth with no 
other diagnosis. It was found that this group could not 
be shown to have a higher incidence of positive con- 
traction stress test results (3.7% versus 3.0%) than the 
total population tested. Since it thus appeared that at 
least part of the increased incidence of positive con- 
traction stress tests among the total previous stillbirth 
subgroup was linked to a higher incidence of hyper- 
tension and clinical intrauterine growth retardation as- 
sociated with previous stillbirth, it was decided to study 
the influence of previous stillbirth within those groups 
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Table IX. Perinatal outcome for patients with 
postdates and previous stillbirth compared 
to those with postdates and no previous 





stillbirth 
Previous 
stillbirth No previous 
plus stillbirth 
postdates plus posidates 
(n = 21) (n = 3092) 
Outcome p* 
Weight percentile 0 _ 5] 16 NS 
<10 
5 min Apgar l 4.8 76 2.5 NS 
score <7 
Late deceleration 2 9.5 341 11.0 NS 
Stillbirth 0 -l 8 0.3 NS 
Neonatal death 0 — 13 0.4 NS 
Respiratory 0 — 10 0.3 NS 
distress syn- 
drome 


*Statistical comparisons by Fisher’s exact test. 


of patients with diagnoses of hypertension, diabetes, 
clinical intrauterine growth retardation, and postdates. 

In this study it was found that a history of previous 
stillbirth significantly increased the risk for a positive 
contraction stress test among hypertensive (predomt- 
nantly chronic hypertensive) patients, and there was a 
strong but not significant trend among patients with 
clinical intrauterine growth retardation. Previous still- 
birth could not be shown to influence risk for a posi- 
tive contraction stress test among diabetics or postdate 
patients. 

With regard to neonatal outcome, history of previous 
stillbirth increased the risk for respiratory distress syn- 
drome only in hypertensive patients, low 5-minute 
Apgar scores only in diabetics, and small—for—gesta- 
tional age neonates only among patients with clinical 
intrauterine growth retardation as a reason for testing. 

Intervention for delivery was significantly more 
common when history of previous stillbirth was associ- 
ated with diabetes, hypertension, or clinical intra- 
uterine growth retardation than when previous still- 
birth was a sole diagnosis or when it was associated with 
postdate pregnancy. 

Indications for intervention influencing this dif- 
ference were maternal reasons as well as abnormal 
antepartum fetal heart rate testing among patients 
with hypertension and those with clinical intrauterine 
growth retardation and only maternal reasons in dia- 
betics. The higher incidence of respiratory distress 
syndrome in hypertensive patients and in those pa- 
tients with clinical intrauterine growth retardation was 
probably due to the fact that intervention was more 
commonly necessary prior, to fetal maturity in these 
groups. ee 
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Table X. Obstetric intervention in cases of previous stillbirth 















Cesarean 
section—-no 


labor 


Primary cesarean 
section—no 
labor 







Spontaneous 
labor 






Induced labor 


Diagnosis 


. Previous stillbirth only 163 99 60.7 -~ 36 19.6 32 19.6 13 8.0 
Previous stillbirth and 71 19 27.6* 26 36.6* 26 36.6* 13 . 18.3* 
diabetes . 
Previous stillbirth and 83 28 33.7% 22 26.5 33 39.8% 20 24.)* 
hypertension | 
Previous stillbirth and 29 10 34.5% 4 13.8 15 51.7* 10 34.5% 


clinical intrauterine 
growth retardation 

Previous stillbirth and 21 13 61.9 8 38.1 0 0 0 0 
postdates 


*p < 0.05 compared to previous stillbirth only (x°). 


Table XI. Reasons for obstetric intervention in cases of previous stillbirth 







Abnormal 
antepartum fetal 
heart rate testing 


l No. of 
Diagnosis patienis 










Maternal reasons 


5 


_ Abnormal estriol 


Previous stillbirth only 163 12 74 5: 3 9 5.5 
Previous stillbirth and 71 9 12.7 4 5.6 me .  16.9* 
diabetes 
Previous stillbirth and 83 16 19.3* 9 10.8 16 19.3* 
hypertension l 
Previous stillbirth and 29 8 ' 27.6* 4 13.8 6 20.7t 
clinical intrauterine 
growth retardation 
Previous stillbirth and 21 3 14.2 2. 9.5 0 0 
postdates 
Statistical comparisons by x’ or Fisher’s exact test depending on cell size. 
*p < 0.01 when compared with patients with previous stillbirth only. 
tp < 0.05 when compared with patients with previous stillbirth only. 
These data suggest therefore that a history of previ- and intrapartum high risk scoring. I. Prediction of the 
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ous stillbirth does have an influence on contraction 
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scoring form: statistical analysis of 5459 cases. Can Med 

postdate pregnancy (3.7% versus 1.6%) (p < 0.05) and Assoc | 1977;116:999. 
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Post—tubal sterilization syndrome—A misnomer 


Marvin C. Rulin, M.D., J. Howard Turner, Ph.D., Robert Dunworth, M.D., and 


Douglass S. Thompson, M.D. 
Pittsburgh, Pennsylvania 


Menstrual parameters and gynecologic symptoms of 389 women who underwent laparoscopic tubal 
banding were studied prospectively and longitudinally. Previous oral contraceptive users exhibited an 
immediate increase in menstrual flow and dysmenorrhea, which declined slightly with time. No such 
changes occurred in women who used other methods of temporary contraception. A significant increase in 
noncyclic pelvic pain, independent of previous contraceptive usage, developed only in women >38 years 
of age. Menstrual cycles and dyspareunia were not affected. A smali contro! group of women whose 
husbands underwent vasectomy showed no significant changes in any of these parameters. (AM J OBSTET 


GYNECOL 1985;151:13-9.) 


Key words: Prospective, longitudinal, vasectomy control group, menstrual flow and pelvic’ 


pain, previous contraceptive usage 


Aberrations of menstrual function, specifically, men- 
orrhagia and/or pelvic pain, have been reported to 
occur following tubal sterilization. ° Studies have 
demonstrated luteal phase deficiencies to account for 
the menorrhagia.” ë Many gynecologists with wide ex- 
perience in tubal sterilization have not observed these 
phenomena in their patients and have doubted the 
existence of adverse sequelae resulting from tubal 
sterilization.? Part of the controversy rests on the ab- 
sence of a large prospective longitudinal study that ana- 
lyzes a single technique, quantifies the alleged symp- 
toms, takes into account preexisting pelvic pathologic 
conditions, and controls for the prior use and relin- 
quishment of oral contraceptives and intrauterine ‘con- 
traceptive devices. 

Most previous studies were small and retrospective. 
Only the study of Neil et al.’ was controlled, but it did 
not accurately assess the role of relinquishing the use of 
oral contraceptives or intrauterine devices. One large, 
multicenter, multinational study which refuted the 
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existence of adverse sequelae was longitudinal, but as- 
sessment of menstrual flow was subjective, follow-up 
rate was quite low, and a variety of techniques were 
considered together.° Another, more recent mul- 
ticenter study also cast doubt on the development of 
significant menstrual changes following several types of 
tubal sterilization." There were two serious problems 
in the design of that study. Patients were asked to recall 
the characteristics of their “natural” cycles while not 
using oral contraceptives or an intrauterine contracep- 
tive device, regardless of how much time had passed 
since they had natural cycles. The second flaw, which 
the authors addressed and discounted, was that they 
excluded the 2.7% of patients who had hysterectomies, 
mostly for bleeding, during the follow-up period. 
Neither of the multicenter studies analyzed noncyclic 
pelvic pain. . 

The purpose of our study was to overcome the prob- 
lems enumerated above and to answer the question, Is 
there a post—tubal sterilization syndrome? 


Material and methods 


The menstrual patterns of women undergoing elec- 
tive-interval laparoscopic tubal sterilization with Silastic 
rings (Falope bands) were studied prospectively and 
longitudinally. A second group of women, whose hus- 
bands were undergoing vasectomy, was similarly eval- 
uated as a potential control group. Follow-up rates of 
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‘Table I. Pelvic conditions of the tubal 
sterilization cohort {n = 389) 


No. of 
patients 










Relative 
frequency (%) 





Condition 





Myoma 21 5.4 
Edometriosis 6 1.5 
Adhesions 27 =o oe “Oo 
Existing pelvic inflamma- 16 4.1 


tory disease 


Varicosities 5 1.3 
Ovarian cyst 8 24 
Paraovarian cyst , 5 1.3 
Mixed 10 2.6 

5.2 


Total 98 2 


81% and 56% respectively resulted in a tubal steriliza- 
tion cohort of 389 patients and a vasectomy wife cohort 


of 40 women who were suitable for study. Each patient ' 


` filled out a questionnaire on the day preceding sterili- 


` ‘zation and again at 6 months and | year after steriliza- 


tion. The questionnaire called for demographic infor- 
‘mation and the past medical, surgical, contraceptive, 
obstetric, and gynecologic history. Patients were asked 
to: provide descriptions of their last three menstrual 

periods regarding interval between periods, duration 

_of flow, number of days of heavy flow, number of pads 
or tampons used on the heaviest day of flow, and pres- 

ence and severity of dysmenorrhea. Patients were also 

questioned about dyspareunia and noncyclic pelvic 

pain. A few tubal sterilizations were performed in con- 

junction with elective dilatation and curettage, but no 
patients were known to be pregnant within 3 months of 

the procedure. 
Statistical tests of the distributions of six demo- 
~ graphic variables in the pretubal sterilization group of 


389 women and in the 40 female partners of men - 
scheduled to undergo vasectomy showed the two ` 


groups to differ significantly in marital status, educa- 
tional level, annual income, and race. Because of these 
differences and the disparity in sample sizes, it was 
considered statistically appropriate to define the 389 
tubal sterilization patients and the 40 female partners 
. of vasectomy patients as independent cohorts and to 
_ evaluate the significance of responses in variables, as 
` observed after 6 months (period 1) and 12 months 
(period 2) following sterilization, in the context of a 
“before and after” design. Each woman could thereby 
serve as her own within-cohort control and the inde- 
pendent cohorts could provide a general index of simi- 
larity and difference. 

The presterilization gynecologic histories of the two 
' cohorts exhibited close resemblance. They differed 
only in the percent having dilatation and curettage 
three or more times. The comparative frequency of 
diabetes, hypertension, pelvic inflammatory disease, 
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malignancy, and medication profiles was similar. The 
presence of pelvic pathologic conditions, as observed 
during laparoscopy, could not be documented in 
women of the vasectomy cohort. | 

The special difficulties of prospective questionnaire 
study design posed questions as to the proper choice of 
analytical techniques. So far as confidence intervals are - 
concerned, we followed a policy of (1) employing x’ tests 
when appropriate, (2) using Ridit transformation on all 
ordered variables with more than two effective cate- 


_ gories, and (3) using the? test whenever applicable. Ridit 


analysis facilitates intercomparison of factors, avoids the 
need for arbitrary combinations of categories, and is 
more powerful than the x? test in detection of shifts in 
the distributions. In addition, the procedure avoids the 
usual assumptions of normality.” Associations of cho- 
sen variables were assessed with Spearman’s rho. 

At the time of laparoscopic tubal sterilization, several 
pathologic conditions were observed, and these are 
presented in Table I. Most of the pelvic adhesions not 
attributed to chronic pelvic inflammatory disease were 
due to previous cesarean sections. The mixed category 
refers to patients with a combination of two or more 
abnormal findings. There was no difference in men- 
strual parameters or pelvic pain between the group 
with pelvic pathologic conditions and the remainder of 
the study grcup. Also, there was no difference between 
those who had concomitant dilatation and curettage 
and those who did not. Therefore, the entire study 
group was considered as a whole unit. 


Results 


Menstrual characteristics. In Table II the cohort 
status of three quantifiable menstrual parameters are 
compared to presterilization status after 6 months and 
12 months. Six months after sterilization, 145 patients 
(37.3%) noted an increase in the number of days of 
menstrual flow whereas 74 (19%) described a decrease, 
yielding a net increase in 71 patients (18%), with an 
average increase of 3.8 days per patient. After 1 year a 
net increase above presterilization status was present in 
14.6% of patients, with an average increase of 2.4 days 
per patient. The increase in duration of menstrual pe- 
riods for the group as a whole, therefore, does not 
continue during the second 6 months but rather shows 
a small tendency to return toward baseline status. 

In order to confirm this tendency and gain an indi- 
vidualized, longitudinal perspective, we compared the 
same menstrual parameters for one time period to the 
next (category of change, Table II). Period 2 is com- 
pared to each patient’s status in period 1, which is com- 
pared to presterilization status. Since the duration of 
flow may increase, decrease, or remain unchanged in 
each time period, nine possibilities emerge. Of the 145 
patients who noted an increase in the number of days 
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Table II. Comparison of patient responses in three menstrual parameters after tubal sterilization (n = 389) 





Number of days of usual menstrual period 
Cohort status 6 months after Increase 145 (37.3%), no change 170 (43.7%), decrease 74 (19.0%); average change/patient: 
sterilization: +3.8 days/patient* . 

Cohort status 12 months after Increase 162 (41.6%), no change 126 (32.4%), decrease 101 (26.0%); average change/patient: 

sterilization: + 2.4 days/patient* 

Category of changet: (11/12) (11/N2) (11/D2) (NII) (N1/N2) (N1/D2) (D1/12) (DI/N2) 
i 7 29 15 


(D1/D2) 
20 69 56 7 126 ` we . 30 


Number of days of heavy flow 

Cohort status 5 months after Increase 127 (32.6%), no change 176 (45.2%), decrease 86 (22.1%); average change/ 
sterilization: _' patient: +3.2 day/patient* 

Cohort status 12 months after Increase 154 (39.7%), no change 118 (30.3%), decis 117 (30.0%); average change/ 


sterilization: patient: + 1.9 day/patient* 
Category of changet: (11/12) (II/N2) (I1/D2) (N1/I2) (NI/N2) (NI/D2) (D1/12) (DI/N2) (D1/D2) ' 
l 8 62 57 | 118 51 39 . 46 ] 


Number of days of usual menstrual cycle 
Cohort status 6 months after 
sterilization: 


Increase 96 (24.7%), no change 249 (64.0%), decrease 44 (11.3%); average change/ 
patient: +0.8 day/patient 


Cohort status 12 months after Increase 147 (37.7%), no change 181. (46.6%), decrease 61 (15.7%); average change/ 


sterilization: 


Category of changet: (11/12) - (I1/N2). 
l1 40 


patient: +0.7 day/patient 


(I1/D2) (N1/12) 
45 BO 


(N1/N2) (N1/D2) (D1/12) (DI/N2) 


(D1/D2) 
18] 18 19 24 ] 


*Sipnificant increase from presterilization status; p = 0.05 (¢ test for paired data). 
f11/12 = Increase periods | and 2, 11/N2 = increase period 1 and no change period 2, 11/D2 = increase period | and decrease 


period 2, etc., over number of patients per category. 


of flow during the first 6 months, only 20 described a 
further increase in the second 6 months, while 56 de- 
scribed a decrease, and 69 maintained the same level of 
increase. Those patients who noted no change or a de- 
crease in duration of flow initially also experienced no 
net increase during the second 6 months. 

Similar observations were made for the number of 
days of heavy flow with each menstrual period. The 
average increase was 3.2 days initially and 1.9 days 1 
year after sterilization. Both changes are statistically 
significant and are corroborated by positive correlation 


with the number of pads’ or tampons used on the _ 


heaviest day (rs = 0.60). 

The interval between menstrual periods tended to 
lengthen initially and then to level off or decrease 
slightly. When compared to baseline, the average 
menstrual cycle was slightly longer after 1 year but not 
at a statistically or clinically significant level. 

The vasectomy cohort was analyzed in a similar 

manner, and no significant change in any of the three 
menstrual parameters was observed 1 year after sterili- 
zation. . 
Dysmenorrhea. Table III depicts changes in severity 
of dysmenorrhea 1 year following tubal sterilization. 
We chose to omit the 6-month data from the table in 
order to simplify the display of results. In our ques- 
tionnaire, mild dysmenorrhea was defined as uncom- 
fortable at some time during menstruation but able to 
function well, moderate meant unable to function well 
for l day but not confined to bed, and severe meant the 
inability to function well for more than 1 day or 
confinement to bed for at least | day. ` á 


Table III. Changes in severity of 
dysmenorrhea* 










. Dysmenorrhea 
Preoperative 221 119 31 I8 
Postoperative 
None 139 35 4 4 
Mild 66 68 9 } 
“Moderate 10 12 12 5 
Severe _ 6 4 6 8 


'*Numbers in table represent the number of patients ex- 
periencing varying degrees of dysmenorrhea before tubal ster- 
ilization and | year later. 


. Of the 22] patients with no preoperative dysmenor- 
rhea, 66 developed mild menstrual cramps. This num- 
ber was partially offset by the 35 patients who had 
mild dysmenorrhea preoperatively but none postop- 
eratively. Of the 340 patients who had mild or no dys- 
menorrhea preoperatively, 32 described moderate or 
severe dysmenorrhea 1 year after tubal sterilization. 
They were partially offset by 18 patients whose mod- 
erate or severe preoperative dysmenorrhea improved 
to mild or none. We are thus left with a net number of 
14 patients (3.6%) who developed moderate or severe 
dysmenorrhea 1 year after sterilization. No such 
changes were noted in the vasectomy group. © 

Effect of contraception. Because oral contraceptives 
and intrauterine contraceptive devices may strongly 
influence menstrual parameters, discontinuing these 
practices after sterilization may exert an effect inde- 
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Table IV. Relationship of contraception npor to change in menstrual characteristics I year after tubal 


sterilization 
No. of 
Group* 
I. OC-P;, B/N-P,, B/N-P, 92 ` 38.3 
2. IUD-P,, B/N-P,, B/N-P, 43 17.9 
3. B/N-P,, B/N-P,, B/N-P, . 233 97.0 
4. OC-P,, B/N-P,, OC-P, “15 6.2 
5. OC-P,, OC-P,, OC-P, 5 2.1 
6. IUD- P,, B/N-P,, OC-P, I 0.4 
Totals. , 389 i 


Dan of menstrual flow 


Decrease 


29.8 © 230 l 

13.9 2 11.2 1] 

61.1 = 92 60.5 89 

4.9 13. 3.9 0 

1.6 5 13 0 

0:3 0 0.3 0 

162 126 101 


¢ 


*OC = oral contraceptive, IUD = intrauterine device, B/N = barrier or no contraception, P, = presterilization, P, = period 


l, P, = period 2, 


Table V. Noncyclic pelvic pain* 





“Preoperative. 258 106 = 21 a 
Postoperative ` | | 
None 176 40 2 | 
Mild -66 48 4 0 
Annoying 13 17 13 J] 
Severe 3 A 2 2 


*Numbers in this table represent the number of patients 
experiencing varying degrees of noncyclic pelvic pan before 
and I year after tubal sterilization. 


pendent of the sterilization process per se. Contracep- 
tive usage is divided into three categories: use of oral 
contraceptives, intrauterine devices, or neither. The 
last group is composed of couples using barrier meth- 
ods, natural family planning, coitus interruptus, or no 
contraception and is referred to as B/N (barrier or no 
contraception). In the tubal sterilization cohort, for 
reasons that are not clear, five of 112 patients con- 
tinued taking oral contraceptives. Fifteen patients re- 
sumed oral contraceptives the second 6 months, pre- 
sumably for menstrual regulation. -All intrauterine 
contraceptive device users had their device removed 
shortly before or at the time of sterilization. One in- 
trauterine contraceptive device user took oral con- 
traceptives during the second 6 months. None of the 
presterilization B/N patients’ took oral contraceptives 
after sterilization. The vasectomy cohort follows a 
somewhat different pattern, since they do not relin- 
quish previous contraception for several months. Prior 


to their partner’s sterilization, 10 members of the vasec-. 


tomy cohort were taking oral contraceptives, two used 
intrauterine contraceptive devices, and 28 were classi- 
fied as being i in the barrier or no contraception group. 

Table IV documents the relationship of contracep- 
tive history to changes in duration of menstrual flow, 


number of days of heavy flow, and number of days of 
the menstrual cycle 1 year after tubal sterilization. 
Groups 4, 5, and 6 represent small numbers and atypi- 
cal uses of contraceptive modalities. Groups I, 2, and 3 
are critical to the study. 

The first column in each pair of numbers represents 
the expected frequency of changes in menstrual pa- 
rameters based on the total study population. The sec- 
ond column zives the actual number of patients ex- 
periencing changes. Patients discontinuing the use of 
oral contraceptives are significan tly overrepresented i in 
the subgroup of patients who experience an increase in 
duration of menstrual flow, increase in number of days 
of. heavy flow, and lengthening of the menstrual cycle. 
Intrauterine device users were neither overrepre- 
sented nor underrepresented, Those patients who 
never used oral contraceptives or intrauterine con- 
traceptive devices (the barrier or no contraception 
group) were significantly underrepresented i in both in- 
creased flow groups, overrepresented in the decreased 
flow `’ groups, and showed no significant change in the 
frequency of menstrual periods. Among the 233 pa- 
tients using barrier or no contraception there are more 
women who experienced a decrease in duration of flow 
than an increase (89 compared ‘to 52) and more pa- 
tients who experienced a decrease in the number of 
days of heavy flow (98 compared to 55). The majority 
of patients reported no change in the frequency of 
menstrual periods, with a similar number experiencing 
increases and decreases. 

Changes in dysmenorrhea paralleled those of men- 
strual flow and were statistically highly associated. Of 
the 104 women who ‘experienced an increase of any 
magnitude, 82 were previous oral contraceptive users, 
although the expected frequency was only 30. Con- 
versely, in the barrier or no contraception group, more 
women experienced a decrease in dysmenorrhea than 
an increase (68 compared to 29). 
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Days of heavy flow 


Increase No change Decrease 


Post—tubal sterilization syndrome 17 


Days of menstrual cycle 


Increase No change Decrease 


36.4. 27.9 27.6 
17.0 k 13.0 j 12:9 7 
92.2 55 70.7 80 70.1 98 
oe ] 4.5 12 4.5 2 
2.0 0 1.5 4 a ] 
0.4 I 0.3 Q 0.4 0 
154 118 117 





34.8 42.8 14.4 9 
16.2 i: 20.0 ‘ 6.7 12 
88.0 44 108.4 143 36.5 46 
5.7 9 7.0 12 2.3 I 
1.9 0 2.3 5 0.8 0 
0.3 l 0.5 0 0.2 0 
147 181 61 


Status of pain at 12 months 


No. of 

l. OC-P,, B/N-P, B/N-P, l 92 24.1 26 56.5 54 11.4 12 
2. IUP-P,, B/N-P,, B/N-P, 43 11.3 14 26.4 27 5.3 2 
3. B/N-P,, B/N-P,, B/N-P, 233 61.) 57 143.2 146 28.8 30 
4. OC-P,, B/N-P,, OC-P, 15 3.9 ' 4 9.2 9 1.8 2 
5. OC-P,, OC-P,, OC-P, 5 1.3 l 3.1 3 0.6 l 
6. IUP-P,, B/N-P,, OC-P, I 0.3 0 0.6 0 0.1 l 
Total 389 102 239 48 


Noncyclic pain. Patients were asked about pelvic 
pain occurring at times other than their menstrual pe- 
riod and, if present, to categorize it as mild, annoying, 
or severe. Most patients who described a change had 
experienced it in the first 6 months, but there was a 
slight progression during the second 6-month period. 
Table V compares severity of noncyclic pelvic pain be- 
fore sterilization to that described 1 year later. Of the 
258 patients who had no pelvic pain before tubal 
sterilization, 151 (58.5%) remained pain-free for at 
least 1 year after sterilization. Of the 106 patients who 
had mild noncyclic pelvic pain before the operation, 18 
reported an increase after 1 year and 40 reported a 
disappearance of pain. The other 48 retained or re- 
gained their preoperative pain status. In those patients 
with annoying or severe preoperative pain there are 
differing individual patterns but no distinctive change 
in direction for the group as a whole. 

A summary of the observed changes in severity of 
noncyclic pelvic pain reveals that after 1 year 239 pa- 
tients (61%) had either regained or retained their pre- 
sterilization status. One hundred two patients (26%) 
reported an increase in severity, and 48 patients (12%) 
reported a -decreasé. Among the 102 patients reporting 
an increase, 85% increased one category only and 66 of 
these changes were from none to mild. Thus, only 17, 
or 4.4%, of the 389 tubal sterilization patients reported 


major increases in the severity of noncyclic pelvic pain 
(1.e., none to annoying or severe in 16 patients; mild to 
severe in one patient): 

Table VI compares the observed and expected fre- 
quency of noncyclic pelvic pain in each category of con- 
traceptive usage. There is no significant deviation from 
expected values, and therefore, unlike dysmenorrhea 
occurrence, no relationship to previous contraceptive 
usage. However, tubal sterilization patients of known 
age (383 patients) showed a positive association be- 
tween age and noncyclic pelvic pain (Table VII). In- 
creases in noncyclic pain are observed at significantly 
elevated frequencies in those age categories exceeding 
35 years. There were no significant changes in noncy- 
clic pelvic pain in any age category in the small vasec- 
tomy cohort. 

As mentioned previously, pelvic pathologic condi- 
tions ascertained during the sterilization procedure 
could not be shown to be associated significantly with 
abnormalities of any menstrual parameter or with non- 
cyclic pain. 


Comment 


Our study analyzes the results of one method of 
tubal sterilization, laparoscopic placement of Silastic 
rings performed in one institution, at a time unrelated 
to a recent pregnancy. Women whose husbands were 
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Table VII. Relationship of patient age to change in noncyclic pelvic pain after tubal sterilization 


l Status of pain at 12 months 






19-25 6.5 

26-30 ] l 21.2 : í 
31-35 i 30 34.9 86 
36-40 4] 29.1 70 
41-45 12 6.8 10 
46-50 5 1.8 2 
No data 2 1.6 3 
Total 102 239 


undergoing vasectomies were recruited as a control 
group. Because of the small number of these wives; 
their different demographic characteristics, and the lag 
time in giving up contraceptive modalities, the vasec- 
tomy cohort could not be used as a suitable control 
‘group. Yet comparisons of trends and tendencies could 
be made to help corroborate our data. We feel that for 
several reasons. our investigational design is valid for 
answering the principal question. Our study is pro- 


spective and follows each patient during a continuum. 


of 1 year, enabling each patient to serve as her own 
before and after control. We document the presence or 
absence of pelvic pathologic conditions, account for 
demographic characteristics and past medical, surgical, 
and gynecologic problems, and carefully consider the 
role of the giving up of previous contraceptive practices. 

We assessed menstrual flow according to duration, 
number of days of heavy flow, and the use of pads or 
tampons. Comparing the number of pads or tampons 
used by one woman to the number used by other 
women cannot accurately distinguish differences in 
flow. However, since women tend to establish their own 
pattern of menstrual protection, changes in the use of 
pads or tampons by the same woman is a good indi- 
cator of changes in flow. Similarly, description of 


changes in pelvic pain would seem to be valid if the 


intensity of the pain was documented prospectively. 
The vagaries of patient responses to questionnaires 

also play a role in analyzing data of this type. These 

variations should, however, balance themselves so that 


the number of women reporting increases in any pa- ` 


rameter should be similar to the number reporting de- 
creases if the sterilization procedure itself did not have 
a primary effect. We therefore describe a net increase 
in flow or pain only when the number of women re- 
porting an increase exceeds the number reporting a 
decrease. Our data tend to support this hypothesis, 
since parameters that would not be expected to change 
show similar numbers of increases and decreases. 
Analysis of the’ data for the entire tubal sterilization 
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cohort shows a statistically significant increase in men- 
strual flow and dysmenorrhea, which occurs within the 
first 6 months following tubal sterilization, then tends 
to return toward, but never reaches, baseline presterili- 
zation values. When prior use and discontinuation of 
oral contraceptives are factored out, no increase but 
rather a nonsignificant decrease in menstrual flow and 
dysmenorrhea is observed. 

It is apparent therefore that tubal dedana did 
not significantly affect menstrual function, but that dis- 
continuing the use of oral contraceptives is the key fac- 
tor resulting in an increase in menstrual flow and dys- 
menorrhea. It is well recognized that many patients 
taking oral contraceptives have less menstrual flow and 
less dysmenorrhea than before taking them. It is also 
quite likely that many oral contraceptive users were 
physician-selected or self-selected initially, not only for 
contraception but to alleviate heavy menstrual flow, 
dysmenorrhea, or dysfunctional uterine bleeding. The 
increases reported are probably a return to what the 
baseline menstrual parameters would have been if 
these women had not taken the pill. 

Only two hysterectomies (0.5%) occurred in our en- 
tire group, both in previous users of oral contracep- 
tives. One of them was admitted as an emergency pa- 
tient for sudden, profuse uterine bleeding following 6 
months of amenorrhea. The other patient had intract- 
able dysfunctional uterine bleeding that began imme- 
diately following tubal sterilization. No pathologic 
conditions were found in either uterus. 

. Surprisingly, intrauterine contraceptive device users 
did not report a significant decrease in menstrual flow 
or dysmenorrhea. Perhaps this group of 41 patients is 
composed of women who were successful long-time 
users of intrauterine contraceptive devices with no ill 
effects who chose sterilization electively rather than be- 
cause of problems related to the device. Those who had 
problems may well have changed to a different form of 
temporary contraception rather than sterilization. 

Significant dyspareunia was present in less than 3% 
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of patients preoperatively and did not change appreci- 
ably during the study. The interval between menstrual 
periods increased during the first 6 months but re- 
turned close to baseline levels after 1 year, probably 
representing a self-limited delay in resumption of ovu- 
lation following discontinuation of oral contraceptives. 

Noncyclic pelvic pain behaves differently than dys- 
menorrhea. Changes which occur are not related to 
previous contraceptive usage but are positively corre- 
lated with age. Patients with prior pelvic pain did not 
show any significant net increase regardless of degree 
of severity. In the group with no recent history of pel- 
vic pain before sterilization there is a significant num- 
ber who reported the presence of pain at 6 months and 
1 year, but the majority characterized it as mild. Major 
increases in noncyclic pain described as annoying or 
severe occurred in only 4.4% of the study cohort and 
were strongly associated with age. Of the 17 patients 
reporting a major increase in pain, 15 were >38 years 
of age. . 

The development of pain in a small percentage of 
people who had pelvic surgery: may be expected, but 
the strong association with increasing age cannot be 
readily explained. Pain does not correlate with parity 
or with an operative description of pelvic varicosities 
and therefore remains an enigma. 

At the conclusion of the study all 389 patients were 
asked if they had regrets about the operation. Forty 
patients (10%) indicated regret, eight because of men- 
strual problems and seven because of pelvic pain. Ten 
women expressed a desire to have another child, and 
three wished they had retained the option of having a 
child even though they did not want to have one at the 
present time. Twelve patients had reasons which can be 
classified as psychological. 

In summary, changes in menstrual flow, menstrual 
cycles, dysmenorrhea, dyspareunia, and noncyclic pel- 
vic pain were studied following interval laparoscopic 
tubal sterilization by means of Silastic rings. Conclu- 
sions about other means of sterilization techniques 
cannot be drawn from this study, but most of the re- 
ports in the literature showing significant increases in 


Post~—tubal sterilization syndrome 19 


menstrual parameters were carried out on patients who 


underwent tubal fulguration. In our study, menstrual 
flow and dysmenorrhea were strikingly increased but 
only in patients who discontinued oral contraceptives. 
When the role of previous contraception was carefully 


` discounted, no change in menstrual parameters oc- 


curred. Thus the so-called post—tubal sterilization syn- 
drome, at least following tubal banding, would seem to 
be a misnomer. The symptoms that have been associ- 
ated with that syndrome occur as a result of discontinu- 
ing oral contraceptives rather than as a result of the 
tubal sterilization per se. 

A small percentage of women over age 38 develop 
significant noncyclic pelvic pain. Why age predisposes 
women to pelvic pain cannot be explained at present. 
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Adhesion formation and histologic reaction with 
polydioxanone and polyglactin suture 


Mark R. Neff, M.D., Gary L. Holtz, M.D., and William L. Betsill, Jr., M.D. 


Charleston, South Carolina 


A suture material associated with a minimal inflammatory response might be expected to induce less 
frequent and less severe peritoneal adhesions. A comparison between polydioxanone and polygiactin 910 
suture was performed in a rabbit model. Ten sexually mature virgin female New Zealand White rabbits 
underwent laparotomy and bilateral incisions into the distal uterine cavities. The serosa of the left uterine horn 
was always reapproximated with polyglactin 910 suture whereas the right uterine horn was repaired with 
polydioxanone suture. All animals were put to death 28 days later. An adhesion score was given for 

each uterine horn. Representative sections were obtained for histologic review. Similar histologic responses 
were found in both groups. No significant difference was noted in adhesion scores between the two 
sutures. The present study cannot justify the use of one of these sutures over the other with regard to 
adhesion formation or tissue reaction. (AM J OBSTET GYNECOL 1985;151:20-3.) 


Key words: Adhesions, sutures 


The relationship of chronic tissue reactivity and peri- 
toneal adhesions to the type of suture material used is 
controversial. A suture material associated with a min- 
imal inflammatory response might be expected to in- 
duce less frequent and less severe peritoneal adhesions. 
DeCherney and Laufer’ reported less adhesion for- 
mation and chronic inflammatory reaction with poly- 
dioxanone suture than with polyglactin (Vicryl) suture 
in a rat model. In a rabbit model, Delbeke et al.” found 
no difference in histologic reaction between the above 
two suture materials but did not report adhesion in- 
duction in the animals. 

Encouraged by previous reports of reduced inflam- 
matory response’** and adhesion formation,’ we per- 
formed a comparison between ` polydioxanone and 
polyglactin 910 suture in a previously studied rabbit 
model.® 


Material and methods 


Ten sexually mature virgin female New Zealand 
White rabbits were individually caged and received 
identical care. The rabbits weighed between 3 and 4 kg 
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at the time of operation. Each animal underwent aseptic 
laparotomy through a lower midline abdominal inci- 
sion. Ketamine hydrochloride (Vetalar, Parke-Davis) 
and xylazine hydrochloride (Rompun, Haver-Lock- 
hart) were given intramuscularly to induce and main- 
tain anesthesia. No prophylactic antibiotics were used. 
The uterine horns were externalized and infiltrated 
bilaterally with a dilute solution of vasopressin (4 pres- 
sor units per 20 ml of normal saline) to reduce bleeding. 
Bilateral incisions 4 cm long were made into the distal 
uterine horns with a scalpel. The incisions were then 
meticulously reapproximated with running serosal 
stitches of either polydioxanone or Vicryl suture. All 
suture used on the uterine horns was 6-0 caliber. The 
needle was a precision point—reverse cutting type (P-1, 
Ethicon) in both groups. The left uterine horn of each 
rabbit was always reapproximated with Vicryl suture 
whereas the right horn was repaired with polydiox- 
anone suture. No magnification was used in either 
group and tissue handling was uniform. No intraperi- 
toneal irrigation was performed. The abdominal inci- 
sions were closed with two layers of 3-0 chromic 
suture. | 

All animals were put to death 28 days after operation. 
An adhesion score (Table I) was given for each uterine 
horn by M. R. N. and G. L. H., who agreed in each 
case on an adhesion score for each horn. 

Matching representative sections were obtained from 
six of the 10 animals for histologic review. The extent 


_ of adhesions in the other four animals prevented suc- 


cessful en bloc removal of the uterine horns to evaluate 
the site of repair. The tissue sections were then placed 








Volume 151 
Number 1 


pera as 





Fig. 1. Histologic section revealing residual polydioxanone 
suture at 28 days with polarization analysis. 


Table I. Adhesion scoring system 








Criterion 





Score 


0 No macroscopic adhesions observed 

] One filmy macroscopic adhesion 

2 Multiple macroscopic filmy adhesions 

3 One dense macroscopic adhesion with or 
without additional macroscopic filmy 
adhesions 

4 Multiple dense macroscopic adhesions 
with or without additional filmy 
adhesions 


eeermmm ennnen erenaam a ere 


in formalin solution and forwarded to W. L. B. for 
histologic evaluation. The pathologist was not aware of 
the name or characteristics of each suture at the time 
of evaluation but was informed that two suture mate- 
rials were being evaluated. Five to seven tissue sections 
from each uterine horn were microscopically evaluated. 
The tissue sections were stained with hematoxylin and 
eosin as well as Masson’s trichrome stain. Muluple pa- 
rameters were assessed as described in Table H. These 
included degree of chronic inflammation, giant cell re- 
sponse, degree of serosal adhesions, tissue edema, 
amount of glandular entrapment within the muscularis 
layer, and telangiectasia. The degree of persistent su- 
ture material was also evaluated. Identification of re- 
sidual suture material was aided by polarization analysis 
as seen in Fig. 1. The parameters were graded on a 
scale of 1+ to 3+ with the assigned grade dependent 
upon the degree of deviation from normally expected 
tubal histologic features. 

A x" analysis was performed on the adhesion scores 
presented in Table HHI. An additional x? analysis was 
done to discriminate between filmy (scores of 1 or 2) 


Adhesions and histologic results with two sutures 21 : 





Fig. 2. Histologic section with hemotoxylin and eosin stain at 3 


28 days with polydioxanone suture. 





Fig. 3. Histologic section with hemotoxylin and eosin stains at 
28 days with Vicryl suture. | 


and dense (scores of 3 or 4) adhesions noted in the two 
suture groups. 


Results 

No significant difference was noted in adhesion 
scores between the two sutures (Table HD. There was 
also no significant difference in analysis for the pres- 
ence or absence of dense adhesions, that is, adhesion 
scores of 3 or 4. 

Similar histologic responses were found in both 
groups (Figs. 2 and 3). No significant differences were 
noted in any of the stated parameters (Table ID). Rem- 
nants of suture could be detected in at least one of the 
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Gistocytized. the suture. One animal (P,) had i 
amounts of extracellular polydioxanone but not Vicryl 
re that. was. microscopically polarizable. 
ppears that the most common responses involve 
apical and periplical edema and telangiectasia of 
ng degree. In more advanced cases, adhesions 
rm on the serosal surface and are often accompanied 
iant cell response. This chronic inflammatory 
onsealso i is accompanied by lymphocytes and single 
stiocytes as well as a few plasma cells. Serosal edema 
d chronic inflammatory response precede early fi- 
sis. With increasing degrees of serosal fibrosis, the 
ronic inflammatory infiltrate subsides and the giant 
accumulation is left. In summary, no significant 
icroscopic differences were noted in rabbit uterine 
iorn responses to polydioxanone and Vicryl suture at 
8 n after operation. 














This “study. cannot confirm that a significant differ- 
-ence exists in the histologic reactivity of these two suture 
materials and thus verifies the findings of Delbeke 
et all a Similarly, no difference i in. adhesion induction 


d be expected nou previous work that adhe- | 
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ation is present well withitt the time frame of T 
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this study.® It is doubtful that a longer observation pe- = 
riod would demonstrate an increased incidence of 
adhesions in either group. 


Previous studies have confirmed that adhesion for- oes 


mation is reduced when peritoneal injury and ischemia P 
are minimal.® The peritoneal and vascular. injury. pi pes 
duced by any suture is a major cause of adhesion: in 






duction. Therefore, as demonstrated previously, suture o 05 
of low caliber, as is commonly used in conservative or 


reconstructive surgery, should be less frequently asso- 
ciated with adhesion induction by reducing the devel- 
opment of tension and, therefore, ischemia along the 
lines of incision.’ Likewise, atraumatic needles would i 


also be expected to reduce peritoneal i injury. ‘Thisinjury. ae a 
induced by large or otherwire traumatic: needles i is Be o 


known as the “trocar effect.” 
ables, caliber of suture and needle type, were ds 
investigated in another study that did not include poly- - 
dioxanone.’ That study addressed the histologic reac- 


tion to various microsutures. An analysis of adhesion =- 
formation was not discussed. The conclusion reached — 


was that there was a direct relationship between suture _ 
caliber and tissue reaction. The degree of tissue reac- 


tion did not vary with type or size of needle used. The oo 
sizes of the needles used were all <145 pm. The results E F 
of the present study cannot justify the use of one of ae Ea 
these sutures over the other with regard to adhesion we 


formation or tissue reaction although other factors may 


lead one to choose one suture over the other. One such) > ° 


factor that we appreciated i is the better handling | char- i 
acteristics of the Per MOonanons suture used in this j 
study. 4 


We thank Dr. C. B. Loadholt of the Department of | E 
Biometry for statistical analysis of the data." oe ‘ 
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k Extensive cervical intraepithelial neoplasia may simultaneously invoive large areas of the ectocervix, even 
_ extending to the vaginal fornices, as well as the endocervical canal. In such instances conventional 
-2 sharp knife conization would result in virtual removal of the cervix if the surgeon wished to completely 
n circumseribe the entire lesion. By combining a narrow carbon dioxide laser excisional conization with 
ctocervical vaporization, cervical intraepithelial neoplasia may be eradicated by a virtually bloodless 







surgical 


a “Key. words: Laser, laser excision, conization, combination cone, carbon dioxide laser 


2 combination ¢ cone 


Cervical conization is a recognized gandard for both 
g : the diagnosis and the treatment of premalignant dis- 
- orders of the cervix.'" Insofar as its application for 
. diagnosis is concerned, the specimen provided to the 
os pathologist must be large enough to afford satisfactory 

-orientation in order to avoid tangential cutting while 
roviding: multiple study samples ranging from 16 to 
150 sections. The major conclusion to be obtained from 
na cone specimen is whether invasion is present. Addi- 
tional supplementary data relate to neoplastic involve- 
pent of the ectocervical or endocervical margins. Re: 
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Carbon dioxide laser for combination 
excisional-vaporization conization 


rocedure and fertility may be preserved: Sixty-one combination conizations with 6 months 

rs « low “Up. are reported. In 95% of the cases biopsy demonstrated. cervical intraepithelial 

: A “neoplasia in three or more ectocervical quadrants, and t6% had extension of disease into the vagina. The 

technique of combination conization uses 20 to 30 W ofpower and '⁄4 to 1 mm spots for excision and 

AD to 15. W and 1 to 1.5mm spots for vaporization. The average time to complete the entire Procedure 

a : was 21 minutes. In three of 61 cases endocervical margins were positive: there were no instances of. 

< persistence of neoplasia at either the ectocervical or the vaginal margins. Four complications were observed, 
all related to delayed bleeding; however, only two patients required the placement of a suture. The 

ce volume of tissue removed by a large excisional conization is more than two times greater than that of a 

` Jaser combination conization. (Am J Osstet GynecoL 1985;151:23-7.) 


has. been advocated to visually determ: 
: ‘progression of. neoplasia i into the endoce er 
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duced to the lowest common denomi: 
biopsy, the directed punch biopsy, andt do 
curettage are simply methods of sampling. T he 
the number of sample sections available, the k Ess 
chance of diagnostic error and vice versa. Clearly, i 
cone specimen provides the most plentiful mass ofi 


sue for sampling; therefore, diagnostic errors are- 
minished. 














The most accurate cervical conizations are obtain 
when the operation is performed in conjunction i 
colposcopy. The magnified vision provided b tl 
croscope and the accentuation with acetic a 
accurate determination of the ectoc 
conization. Unfortunately, the $: 
to absolutely guarantee clearance: 
margins. Recently, endoscopic exami 














































Table L Geographic extent of cervical 
intraepithelial neoplasia in patients treated by 
ae dioxide laser combination conization 


One quadrant () 0 

Two quadrants 3 5 

Three quadrants 1] 18 

Four quadrants 37 61 

Vaginal forniceal 10 16 
extension 


‘Several investigators have established conization as 
an efficacious method for the cure of cervical intra- 
epithelial neoplasia.** The cervical conization opera- 
ion is conventionally performed with a sharp knife, 
sually with the patient under general anesthesia. The 
ocedure i is associated with bleeding and requires the 
lacement of sutures to quench the flow of blood. The 
turmdorf suture was used in the past,’ and this older 
ethodology has even persisted to the present time, 
Ithough it frequently results in postoperative cervical 
tenosis. Interrupted figure-of-eight sutures represent 
‘a more preferred contemporary technique of repair. 
‘Sharp knife conization should be performed in a hos- 
_ pital setting because the technique may be associated 
with immediate complications such as bleeding or per- 
-= foration, as well as delayed complications such as bleed- 
~ ing, infection, stenosis, incompetency, and reduced fer- 
-tility 4,10 
<o The advent of the carbon dioxide laser has allowed 
-this instrument to be directly substituted for the scalpel 
: for the performance of excisional conization''? as well 
as for cervical vaporization procedures.” Although 
the two laser techniques are similar from the standpoint 
hat a measurable volume of cervical tissue is removed, 
the former operation provides a specimen for patho- 
logic examination whereas the latter provides nothing 
since the tissue literally disappears. The indications for 
excisional laser versus vaporization procedures have 
been enumerated elsewhere.’ The advantages of the 
laser versus conventional techniques are: (1) The laser 
conization is performed entirely under microscopic 
guidance with the use of a micromanipulator; (2) the 
laser conization reduces blood loss since the light beam 
-seals small vascular channels, thereby eliminating in 
most cases the need for sutures; (3) an “endocervical 
button” may be shaped to diminish the chances for 
“subsequent stenosis; (4) healing proceeds rapidly; (5) 
- virtually every operation is performed on an outpatient 
basis. 7 
. For the above reasons, once a gynecologic surgeon 
-. becomes adept at the laser technique, he/she will 
- usually prefer it in place of the scalpel for the future 
LF performance of this operation. Additionally, since the 














laser excisional conization involves the: use ‘of only fine o 


plastic surgery—type skin hooks for the manipulation x 
of the specimen, there is minimal trauma of the cervic al 
mucosa to be examined by the pathologist. Not infre- 
quently, the cervix is affected with extensive neoplasia 


that involves 50% of the surface area of the portio or eae E 
may spread geographically to involve the entire ecto- See 
cervix and the vaginal fornices. In such cases, the sur- 00 


geon is faced with an enigma, since excision of the 
entire lesion by conization would result in the de facto- 
removal of not only the diseased epithelium but most 
of the cervical stroma and infertility would result. On- 
the other hand, performance of a less radical operative _ 


excision would leave residual disease behind with in- a 


evitable persistence and possible progression. A new E 
and specific carbon dioxide laser technique provides a 
simple option by the exigency of combining the laser 
excisional conization and the laser vaporization tech- 
niques. This procedure is best termed for descriptive 
purposes the combination conization. | 


Material and methods 


Sixty-one combination conizations of a total: of: 215 | 


laser excisional conizations were performed at Mt. Sinai 
Hospital, Hartford, Connecticut, and Greater Balti- 
more Medical Center, Baltimore, Maryland, between 
the years 1979 and 1983. Only those cases with follow- 
up cytologic and colposcopic data available for 6 

months to 4 years were included in this series. The 
patients’ ages ranged from 16 to 55 years with amean | 
age of 33 years. Fifty-three women were white; the l 
remainder were black. The severity of cervical intra- 
epithelial neoplasia was skewed toward more severe 
grades of intraepithelial neoplasia, that is, 96. 7% hav- 
ing preoperative biopsy proved grade 2 (28) or 3 (31) 
cervical intraepithelial neoplasia. Fifty-eight cases 
(95%) had proved cervical intraepithelial neoplasia in _ 


three or more quadrants; 10 cases (16%) had contig- 
uous extension of neoplasia into the vagina. Fifty-nine 


patients had disease that extended into the endocervical- 
canal and additionally showed extensive portio involve- 
ment. Ten women had Papanicolaou smear—biopsy dis- 
parity as one indication for the excisional conization | 
(Table I). Every conization was performed i in the hos- 
pital on an outpatient basis with the patient under €i- 
ther general inhalation (55 cases) or paracervical block. 
(six cases) anesthesia. The criteria for selecting com- 
bination conization rather than simple excisional con- 
ization were: (1) neoplasia involved >50% of the sur- 

face of the ectocervix; (2) there was ‘simultaneous exe 
tension of neoplasia into the endocervical’ canal. or’, 
Papanicolaou smear—biopsy disparity; (3). the quantity i 


of stroma to be removed was judged so. great that the | E 


risk of future infertility was, substantial, 


























Fig. 1. A, An extensive abnormal transformation zone is illustrated. Cervical intraepithelial neoplasia 
extends into the endocervical canal and far out onto the portio. Conventional conization would 
effectively result in removal of the cervix and infertility. B, With a low-power—density laser beam a 
narrow conization pattern is outlined. A second circle of dots is outlined extending 5 mm beyond 
the peripheral boundaries of the ectocervical extension. 





Fig. 2. A, Power density i is raised to 8000 W/cm’ as the beam cuts deeply into the underlying stroma. 
B, Fine long-handled laser skin hooks place traction on the conization specimen enabling the laser 


beam to sharply cut to a depth of 1.5 to 2 cm. 


Preoperative evaluation. Each woman had one or 
_ more cytologic and colposcopic examinations together 
: with multiple sampling of the ectocervical margin by 
“means of Wittner or Kevorkian biopsy clamps. These 
biopsies were performed in order to ensure that no 
_ Invasive disease was present at the ectocervical limits of 
the lesion. The patient was then scheduled to enter the 
hospital for a laser combination conization. 

- Technique. Lateral cervical figure-of-eight traction 
‘sutures were placed at the 3 and 9 o'clock positions. 
The extent of the narrow conization was outlined at a 


ree _low- -power density (500 W/cm’) with intermittent spots 


_ measuring 1.0 mm in diameter (Fig. 1, A and B) which 
_ were then connected. The extent of the vaporization 


_ to be performed was similarly marked out peripherally 
- othe cervix or in the vagina. A 1:30 solution of dilute 
<= vasopressin was injected into the substance of the cervix 


according to the trace marks with a 25-gauge needle 
attached to a tuberculin syringe. The vasopressin so- 
lution (5 to 7 ml) was injected. The latter solution pro- 
duced vasospasm in vessels >] mm in diameter re- 


sulting in laser sealing rather than sharp sectioning of 













the channel. (The laser will usually seal vessels up to ¥%2 © 
mm in diameter.) Power was turned up to 20 to 30 We 
the laser spot was reduced to 0.5 to 1 mm in diameter 
(power density = 8000 to 12,000 W/cm?), and the co: 
incision was retraced to obtain deeper depth into the . 
underlying stroma (Fig. 2, A). Fine plastic surgery skin 
hooks were placed into the wound to produce traction 
and opposing countertraction as the laser beam cut 
even deeper into the cervical stroma (Fig. 2, B). When | 
a depth of 1.5 to 2 cm was obtained, the traction hooks — 
were moved circumferentially around the cervix until 
a cylinder of cervix was freed (Fig. 3, A). 

Next the cylinder 1 cm in diameter was pulled to one - 
side as the scalpel cut the cervix free at its endocervical ; 
margin (Fig. 3, B). With a brush-vaporization tech- k 
nique, an endocervical button was excavated. This mar- 
gin was carefully examined colposcopically for possible | 
neoplastic involvement. Finally, the power was reduced 
to 10 to 15 W and the spot was enlarged to 1.0 to 1.5 
mm (700 to 1500 W/cm’). Vaporization of the remain: © 
ing ectocervix was performed to a depth of 5 to 7 mm 
with a 3 mm peripheral margin (Fig. 4, A and B). If 





distortion secondary to heat. 








Fig. 3. A, A cylinder of cervix has been cut free from the neighboring cervical tissue. B, A sharp 
scalpel blade frees the cylinder of cervix at the endocervical margin, eliminating the risk of tissue 





Fig. 4. A, Power density is reduced and vaporization is performed to a depth of 5 to 7 mm, thereby 


eliminating ectocervical disease. Vaporization may be continued into the vagina if necessary. B, The 
combination conization has been completed. The central core of cervical tissue is sent to the pathology 
laboratory for evaluation. The extensive area of cervical intraepithelial neoplasia has been eliminated; 
bleeding is minimal, and no sutures are required. 






















he lesion extended into the fornices, the vaginal ex- 
tension was vaporized to a depth of 2 mm with a 3 to 
mm peripheral margin. The end result was a cervix 
with a deep central core of tissue removed and the 
emainder vaporized to a depth of 5 to 7 mm. The 
xcisional cone specimen was sent for pathologic ex- 
mination. 





In three of 61 cases, endocervical margins were pos- 
ve on the excision specimen and were considered 
failures of cure. No patient had persistence or recur- 
i ence at the ectocervical or vaginal margin. When the 
endocervical margin was involved, a recommended 
procedure was to obtain additional tissue within the 
3 office setting by means of the laser and a long-handled 

fine] hook. This technique attempted to delineate a clear 
margin Follow-up with cytologic: smears and biopsy was 


carried out ever Y 6 months, and reconization. was per- ` 


formed if long-term persistence was demonstrated. 


Three fifths of the patients demonstrated mal 
intraepithelial neoplasia involving all four quadrants of | 
the conization specimen and 10 (16.4%) had involve- 


ment of one or more of the vaginal fornices (Table T). 


None of the latter had multicentric involvement of the 


vagina. If multifocal disease existed in the vagina, these 


cases were considered primary vaginal intraepithelial —. 
neoplasia and were placed in a separate category, that 


is, not considered extension of cervical intraepithelial 
neoplasia into the vault. 


The average time to complete the. procedure. after eee 
vasopressin injection approximated 21 minutes with the. 





seis 


excisional procedure requiring an average, time of 10 ux, i 


minutes and the vaporization 11 minutes. 


Complications. No patient developed. ‘immediate 


hemmorrhage. Four women had sufficient postopera- 





Volume 151 
Number 1 


tive bleeding to require examination which was done 
between 4 and 9 days after operation. Two patients had 
a generalized ooze from the wound bed that was treated 
with an application of Monsel’s solution. One patient 
(1.6%) had sustained arterial bleeding from a single 
vessel which required the placement of a figure-of-eight 
Vicryl 3-0 suture. Another woman had bleeding at the 
site of one lateral traction suture, which had torn 
through the mucosa, thus necessitating resuturing. No 
infections were identified, no stenosis was observed, 
and no cases of invasive carcinoma were identified with- 
. in the minimum 6-month period of follow-up. 


Comment 
Widespread gross disease reflects extensive micro- 


scopic involvement and likewise mirrors more severe ~ 


grades of neoplasia, that is, in this series 96.7% of the 
cases were grade 2 or 3 cervical intraepithelial neopla- 
sia. Prior to the advent of the carbon dioxide laser, 
complex excisional procedures were required for the 
eradication of geographically extensive cervical intra- 
epithelial neoplasia and often not only proved bloody 
but led to functional deformity. 

The combination conization offers a reasonable SO- 
lution to a difficult problem, that is, the excisional por- 
tion provides the pathologist with an adequate sample 
to study and the vaporization portion effectively elim- 
inates disease in the ectocervix and vagina. 

Although extensive amounts of tissue are removed, 
substantial cervical stroma is saved by the combination 
technique. The volume of tissue removed by a 1.5 cm 
(length) by 2.0 cm (width) excisional cylinder would 
total 4.71 cm’ as compared to 2.26 cm® when a narrow 
1.5 cm (length) by 1.0 cm (width) excision is coupled 
with a 0.5 cm (length) by 1.0 cm (width) vaporization. 
Complications have been-exceedingly few in this series. 
The most difficult problem insofar as management is 
concerned relates to that of residual endocervical dis- 
ease after the excisional conization. This may be dealt 


r'e 
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with at the 48-hour postconization visit by means of 
further tissue excision or by endocervical endoscopy 
(to define the conization limits) at the time of the orig- 
inal procedure. — 
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Low-dose oral contraception and blood pressure in women 
with a past history of elevated blood pressure 


= Charles C. Tsai, M.D., H. Oliver Williamson, M.D., Bonnie H. Kirkland, Judy O. Braun, 


and Chan F. Lam, Ph.D. 
Charleston, South Carolina 


Sixty-one women with a past history of elevated blood pressure (high-risk group) associated with oral 
contraceptive use (27 patients), unknown etiology (17 patients), or preeclampsia {7 patients) used a low- 
dose oral contraceptive containing. 0.4 mg of norethindrone and 35 yg of ethinyl! estradiol for 3 to 24 
months. The highest blood pressures recorded in the past were 141.0 + 14.9 (mean + SD) mm Hg 
systolic and 98.3 + 8.0 diastolic. Sixty-one women without a past history of elevated blood pressure (low- 
- risk group), selected from a pool of 616 low-risk patients, were matched with the high-risk group for 
race, initial age, initial body weight, duration of use, history of smoking, and family history of hypertension. 
The blood pressures in the high-risk group before and after oral contraceptive therapy were significantly 
higher than those in the low-risk group. Despite these differences, the mean systolic and diastolic 
blood pressures in these two groups of women using the low-dose oral contraceptive did not rise when 
compared with their own baseline blood pressures. Five high-risk patients (8.2%) discontinued therapy 


. because of the redevelopment of hypertension; however, blood pressures at discontinuance were 


comparable to the previous highest blood pressures.(Am J OssteT GYNECOL 1985;151:28-32.) 


Key words: Oral contraceptive, blood pressure, hypertension, low-dose oral contraception | 


One of the significant side effects of oral contracep- 
tives containing estrogens and progestogens is the de- 
velopment of hypertension (>140 mm Hg systolic and 
>90 mm Hg diastolic).'\? Fisch and Frank,’ analyzing 
the data from 13,358 women, reported the incidence 
of hypertension for current oral contraceptive users to 
be 3.8%, while for never users and past.users, the rate 
was between. 1% and 1.5%.* Additionally, oral.contra- 
. ceptive users have had higher mean blood pressures 
than their baseline levels or those of nonusers, that is, 
3 to 7 mm Hg systolic pressure and 1 to 3 mm Hg 
diastolic pressure.*° 

Factors such as increased age, body weight,’ and a 
history of personal’ or parental hypertension? have 
been associated with elevated blood pressure during 
oral contraceptive therapy. Race is also a significant 
variable in the prevalence of hypertension.’ Although 
Fisch et al.’ reported no association between blood pres- 
sure and oral contraceptive formulation or dose, their 
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study concerned the use of oral contraceptives con- 
taining more than 0.5 mg of a 19-nortestosterone de- 
rivative and more than 50 ug of an estrogen.’ 

A prospective study with the use of an oral contra- 
ceptive of 0.4 mg of norethindrone and 35 ug of ethiny! 
estradiol reported no cases of hypertension among 700 
women with up to 44 months of use but found a sta- 
tistically significant increase in mean systolic blood pres- 
sure of <3.0 mm Hg.” With the same low-dose oral 
contraceptive, we have shown that the increase in mean 
systolic blood pressure in the low-dose group was lower 
than that observed in the groups using higher-dose oral 
contraceptives containing 1 mg of a progestogen and 
50 wg or more of an estrogen." These data suggest that 
the dosage of sex steroids in oral contraceptive prep- 
arations is an important determinant in the elevation 
of mean blood pressure and occurrence of hyperten- 
sion among oral contraceptive users. While those two 
studies’ '' of low-dose oral contraceptives enrolled pri- 
marily normal women, the present report concerns the 
effect of the same low-dose preparation on blood pres- 
sure in a group of patients with a past history of ele- 
vated blood pressure. 


Subjects and methods 


A prospective study of 677 women using an oral con- 
traceptive containing 0.4 mg of norethindrone and 35 
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Table I. Systolic blood pressures in two groups of women using low-dose oral contraceptive* 


Blood pressure (mm Hg) (mean + SD) 


Baseline 113.8 + 10.2 (611) 


3 mo 


111.8 + 11.7 (61) 


Baseline 112.0 + 12.6 (12) 
6 mo 113.0 + 7.1 (12) 

Baseline 115.4 + 10.0 (42) 
9 mo 114.8 + 13.8 (42) 
Baseline 112.2 + 9.5 (36) 
12 mo 113.3 + 11.3 (36) 
Baseline 114.6 + 9.9 (14) 
18 mo 110.1 + 10.6 (14) 
Baseline 114.0 + 11.0 (10) 
24 mo _ 112.6 + 8.2 (10) 


Probability 

124.3 + 10.9 (60) p“ < 0.0001 
123.3 + 10.1 (60) p' = NS 

126.9 + 11.6 (21) p° < 0.0005 
124.1 + 9.2 (21) t= NS 
123.6 + 10.1 (34) p" < 0.05 
117.2 + 11.8 (34) '< 0.05 

124.6 + 10.4 (34) p” < 0.0001 
121.9 + 8.2 (34) t= NS 

125.6 + 10.5 (27) p“ < 0.0005 
120.3 + 9.0 (27) p! < 0.05 
124.7 + 8.9 (15) p" < 0.01 
119.3 + 12.2 (15) p' = NS 


p’ = Probability with risk as a factor in two-way analysis of variance of paired observations. 
p' = Probability with time as a factor in two-way analysis of variance of paired observations. 
*Oral contraceptive containing 0.4 mg of norethindrone and 35 pg of ethinyl estradiol. 


Number of patients. 


Table II. Diastolic blood pressures in two groups of women using a low-dose oral contraceptive* 









Baseline 75.2 + 8.4 (61t) 
3 mo 72.0 + 7.4 (61) 
Baseline | 76.2 + 9.4 (12) 
6 mo 72.8 + 7.7 (12) 
Baseline 75.1 + 8.3 (42) 
9 mo 74.8 + 7.9 (42) 
Baseline ` 74.1 + 7.4 (36) 
12 mo 72.0 + 9.2 (36) 
Baseline 76.9 + 7.3 (14) 
18 mo 70.7 + 6.3 (14) 
Baseline 78.6 + 3.9 (10) 
24 mo 72.2 + 5.8 (10) 


Blood pressure (mmHg) (mean + SD) 





- Probability 


85.7 + 9.5 (60) p” < 0.0001 
84.0 + 8.9 (60) p' < 0.0005 
89.5 + 8.3 (21) p" < 0.0001 
84.3 + 8.7 (21) p' < 0.05 
84.7 + 9.5 (34) | p' < 0.0001 
80.0 + 8.7 (34) p' < 0.05 
84.9 + 10.3 (34) p' < 0.0001 
82.0 + 6.8 (34) p' = NS 
86.1 + 10.6 (27) p" < 0.0005 
80.0 + 8.6 (27) p' < 0.001 


84.8 + 10.0 (15) p' < 0.05 
79.7 + 10.9 (15) p' < 0.005 


p" = Probability with risk as a factor in two-way analysis of variance of paired observations. p" = Probability with time as a factor 


in two-way analvsis of variance of paired observations. 


*Oral contraceptive containing 0.4 mg of norethindrone and 35 pg of ethinyl estradiol. 


tNumber of patients. 


wg of ethinyl estradiol was undertaken from June, 
1979, through June, 1983. These women were selected 
primarily because of their request for oral contracep- 
tives and their willingness to return for follow-up of 
blood pressure determinations. Sixty-one women with 
a past history of elevated blood pressure (high-risk pa- 
tients), seen consecutively and requesting oral contra- 
ception, were placed on a regimen of the same low- 
dose oral contraceptive. A history of elevated blood 
pressure was defined as a blood pressure recorded in 
the past 2140 mm Hg systolic and/or =90 mm Hg 
diastolic. Of the 61 patients, six patients with a diagnosis 
of preeclampsia had persistent elevation of blood pres- 
sure more than 6 weeks post partum, 11 patients had 
a history of preeclampsia, and 27 patients developed 


elevated blood pressure while using other types of oral 
contraceptives (24 patients using oral contraceptives 
containing 1 mg of progestogen and #50 yg of estro- 
gen and three patients using oral contraceptives con- 
taining 0.5 mg of progestogen and 35 yg of estrogen). 
Elevated blood pressure in the remaining 17 patients 
was found to be unrelated to pregnancy-or oral con- 
traceptive use. 

Sixty-one women with no history of elevated blood 
pressure (low-risk patients) were matched with the 61 
high-risk patients regarding race, age, initial weight, 
and duration of use and served as the control group. 
The 61 patients were selected from a pool of 616 low- 
risk patients who had been using the same oral con- 
traceptive. All except one of the 61 patients were black. 
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Table III. The clinical profile of seven patients who discontinued the low-dose oral contraceptive* because 


- of the development of hypertension 






Previous highest 
blood pressure 






No. (mm Hg). 
l High risk 146/100 
2 High risk 120/90 
3 High risk 140/100 
4 High risk = 150/105 
5 High risk "150/94 
6 Low risk 132/82 
7 Low risk 124/80 







Baseline Blood pressure at 






blood pressure discontinuance 
(mm Hg) (mm Hg) 
130/92 3 155/110 
120/90 4 150/110 
110/80 6 140/102 
120/76 _ 17 148/100 
135/97 ; 25 150/102 
124/80 3 150/100 
142/87 21 -190/110 


*Oral contraceptive containing 0.4 mg of norethindrone and 35 ug of ethinyl estradiol. 


Blood pressure readings were determined by one of ' 


four paramedical personnel using a mercury sphyg- 
momanometer on the left arm at the cardiac level with 
- the women in a sitting position after at least a 15-minute 
resting period. The four persons had been trained and 
had measured blood pressure on all patients in the 
family planning clinic during the past 9 years. An adult, 
large blood pressure cuff was used in obese women 
` when a regular cuff would not fit adequately. Systolic 
pressure was recorded at the first appearance of sound 
and diastolic pressure at the change of the intensity or 
quality of sound. When a patient was found to have 
‘elevated blood pressure, she was rechecked by a phy- 
sician who would decide whether the oral contraceptie 
was to be continued. 

A physical examination and laboratory tests includ- 
ing hemoglobin, hematocrit, cervical gonorrhea cul- 
ture, and Papanicolaou smear were performed an- 
nually on all patients. At the initial visit, the patients 
were counseled regarding various alternatives of con- 
traception and signed an informed consent outlining 
the risks and benefits of the chosen method. 

Two-way analysis of variance of paired observation 


. > was used for statistical analysis of blood pressure and 
Że, :body weight measurements. x° Testing was used for 


‘comparing the incidence rates of smoking and family 
history of hypertension between the two groups. 


Results me 

The mean age + SD of the high-risk group was 
24.5 + 4.2 years which was not statistically different 
from that in the low-risk group of 23.1 + 4.0 years. 

Seventeen high-risk and eight low-risk patients were 
smokers. Thirty-seven high-risk and 35 low-risk pa- 
tients gave a family history of hypertension occurring 


in parents or siblings. The differences between the two — 


groups were not statistically significant. 

In the high-risk group, the highest blood pressures 
recorded in the past were 141.0 + 14.9 (mean + SD) 
' mm Hg systolic and 98.3 + 8.0 mm Hg diastolic. 


Within each group of patients, the mean systolic 
blood pressure did not change significantly over 24 
months of use (Table I), except for lower values re- 
corded at 9 and ‘18 months, respectively. The baseline 
systolic blood pressure in the high-risk group was sig- 
nificantly higher than that in the low-risk group. Like- 
wise, systolic blood pressures in the high-risk group 
during therapy remained significantly higher than 
those observed in the low-risk group. | 

Mean diastolic blood pressures within each group 
during therapy, except at 12 months, were significantly 
lower than the mean initial blood pressures (Table IJ). 
When diastolic blood pressures were contrasted be- 
tween the two groups, the values before and during 
oral contraceptive therapy were significantly higher in 
the high-risk group than in the low-risk group. 

Five patients from the high-risk group and two from 
a pool of 616 low-risk patients discontinued the oral 
contraceptive because of a rise of blood pressure into 


- the hypertensive range (Table III). Of the five high- 


risk patients, two had elevated blood pressure in the 
past associated with oral contraception, and three had 
elevated blood pressure unrelated to pregnancy or oral 
contraception. Of the 56 remaining high-risk patients, 
40 patients were still using the oral contraceptive with- 
out problem, six patients were lost to follow-up, and 
10 patients discontinued the contraceptive because of 
varying reasons such as breakthrough bleeding, head- 
ache, or leg cramps. None of the 61 low-risk patients 
matched with the high-risk group developed hyper- 
tension. 

There were no ee changes in body weight 
before or during oral contraceptive therapy either 
within or between the two groups of patients (Table 
IV). 


Comment 

Since race, age, body weight, and a family history of 
hypertensicn have been correlated with blood pressure 
elevation in oral contraceptive users, the matching of 
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Table IV: Body weights in two P groups of women using low-dose oral contraceptive* 





Baseline 151.9 + 29.8 (614) 
3 mo 152.2 + 30.7 (61) 
Baseline 150.2 + 39.1 (12) 
6 mo 148.4 + 34.8 (12) 
Baseline 156.3 + 30.2 (42) 
9 mo ` 157.1 + 31.2 (42) 
Baseline >- 150.3 + 28.1 (36) 
12 mo 150.2 + 30.2 (36) 
Baseline 140.5 + 22.4 (14) 
18 mo © 143.3 + 23.7 (14) 
Baseline 138.2 + 14.2 (10) 
24 mo 131.6 + 17.0 (10) 


_ Weight (pounds) (mean + SD) 





Probability 





156.7 + 36.3 (59) p' = NS 
157.1 + 36.1 (59) p' = NS 
152.9 + 26.3 (19) p' = NS 
153.7 + 26.1 (19) . p' = NS 
156.6 + 38.4 (34) p' = NS 
157.9 + 39.7 (34) p = NS 
155.7 + 30.2 (34) p' = NS 
157.8 + 32.1 (34) p' = NS 
155.3 + 29.5 (27) p' = NS 
158.3 + 32.1 (27) p' = NS 
152.8 + 31.2 (15) p' = NS 
156.6 + 32.9 (15) p' = NS 





P = Probability with risk as a factor in two-way analysis of variance of paired observations. p' = Probability with time as a 


factor in two-way analysis of variance of paired observations. 


*Oral contraceptive contanune | 0.4 mg of norethindrone and 35 pg of ethinyl iadol 


+Number of patients. 


these factors between the two groups of patients would 
seem to minimize the effect of these variables on blood 
pressure changes. The observation that the mean body 


weights in the two groups of patients did not change 


significantly is consistent with our recent study of the 
same low-dose oral contraceptive." 

That the two groups of patients are distinctly differ- 
ent from each other is supported by the significantly 
higher blood pressures in the high-risk group both be- 
fore and during oral contraception than those observed 
in the low-risk group. Despite these differencés, the 
mean blood pressures in these two groups of women 
using a low-dose oral contraceptive followed the same 
patterns in that the mean systolic and diastolic pressures 
did not rise when compared with their own baseline 


blood pressures. This is in contradistinction to previous | 


reports** that users of higher-dose oral contraceptives 
developed higher mean blood pressures than baseline 
values. This suggests that the dosage of sex steroids 
plays an important role in the elevation of mean blood 
pressures among oral contraceptive users with or with- 
out a past history of elevated blood pressure. 

The mean diastolic blood pressures in each group 
during therapy, except at 12 months, were significantly 
lower than those observed initially. The decrease in 
mean diastolic blood pressure in the low-risk group is 
consistent with our recent findings.'’ However, the ex- 
clusion of three high-risk patients when hypertension 


developed before 9 months of therapy could have con- . 


tributed to lowering of the subsequent mean diastolic 
blood pressures in the high-risk group. 

Although five patients in the high-risk group discon- 
tinued the oral contraceptive because of redevelopment 
of hypertension, the blood pressures at the time of 
discontinuance were comparable to the highest blood 


pressures recorded in the past. This gives an incidence 
of hypertension of 8.2% which is within the range of 
0% to 18% observed in other series of higher-dose oral 
contraceptives in women with few having a past history 
of elevated blood pressure.*:® !® 

While the pathophysiologic mechanisms for oral con- 
traceptive—induced hypertension and mild elevation of 
mean blood pressure remain unclear, the renin-angio- 
tensin-aldosterone system is believed to be partially re- 
sponsible." Plasma renin activity, renin substrate, and 
angiotensin II concentrations have been found to be 
elevated during oral contraceptive therapy.'*:'* In ad- 
dition, estrogen has been demonstrated to induce so- 
dium retention and to increase both cardiac output and 
plasma volume.” ® Progestogen doses in excess of | 
mg with the same doses of estrogen have been corre- 
lated with the incidence of hypertension in oral con- 
traceptive users.” It is, therefore, logical that oral con- . 
traceptives with lower dosages of progestogen and 
estrogen would be associated with a lower or no rise 
of mean blood pressure and a decreased incidence of 
hypertension during therapy. While a majority of our 
patients did not develop hypertension during medi- 
cation, the occurrence of hypertension after varying 
periods of therapy in seven patients might be explained 
on the basis of a diminished feedback suppression of 
renin release’? or an increased plasma level of ethinyl 
estradiol” in these patients. 
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Premature delivery and intrauterine infection are the 
principal fetal risks of preterm premature rupture of 
the fetal membranes. In an effort to decrease the prin- 
cipal risk of preterm delivery, hyaline membrane dis- 
ease, without increasing the rupture-to-delivery inter- 
val unnecessarily, Mead and Clapp treated women with 
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Table I. Entry characteristics of patients in steroid-treated and observation groups 


Steroid-treated group Observation group 
(n= 38) . (n = 35) Significance 





Maternal age (yr) 
Parity 
Race . 
White (%) 
Nonwhite (%) 
Private patient (%) 
Clinic patient (%) 
Week of gestation at admission 
Hours since rupture of membranes at admission 
Documented immature (%) 
By amniocentesis 
By vaginal pool phosphatidylglycerol determi- 
nation 
Group B streptococcus cultured at admittance (%) 


99.4 + 53 24.9 + 6.9 NS 
1.0 + 1.1 12+ 1.3 NS 
91 (55.3) 24 (68.6) NS 
17 (44.7) 11 (31.4) 

15 (39.5) 18 (51.4) NS 
23 (60.5) 17 (48.6) 

31.2 + 1.6. 30.7 + 1.8- NS 

25.7 + 81.3 19.3 + 39 NS 
20 (52.6) 17 (43.5) NS 

12 1] 
8 6 
8 (21.1) 6 (17.1) NS 





preterm prematurely ruptured membranes between 28 
and 34 weeks’ gestation with betamethasone and then 
delivered the patient 24 to 48 hours after initiation of 
steroids.’ These patients, when compared to a nonran- 
domly selected control group of women mahaged ex- 
pectantly, had fewer infants with respiratory distress; 
there was no difference in the incidence of maternal 
or neonatal infection. The publication of this study in 
1977 led many physicians at The Ohio State University 
Hospitals to follow the Mead and Clapp protocol of 
steroids and timed delivery for women with preterm 
prematurely ruptured membranes. The first 2 years of 
experience at this hospital with this protocol did not 
demonstrate any advantage of steroid therapy over ex- 
pectant management in a retrospective comparison.’ 
This prospective trial was therefore designed to enroll 


and assign women with preterm prematurely ruptured . 


membranes randomly to steroid-treated and observa- 
tion groups. 


Material and methods 


The study enrolled patients from September, 1979, 
through November, 1982. All private, clinic service, 
and maternal transport patients presenting to The 
Ohio State University Hospitals with preterm prema- 
turely ruptured membranes at 28 to 34 weeks’ gestation 
were candidates for the study. Preterm prematurely 
ruptured membranes was documented by either pooled 
ammiotic fluid in the vagina or positive Nitrazine and 
fern tests. Digital examinations of the cervix were'not 
performed, but some patients had had a single digital 
examination prior to transfer. Cultures for the group 
B streptococcus and Neisseria gonorrhoeae were obtained 
from the outer third of the vagina and cervix respec- 
tively from all patients at the time of admission. Pooled 
amniotic fluid in the vagina was sent when possible for 
phosphatidyl glycerol determination; amniocentesis 
was performed with ultrasound guidance when an ad- 


equate fluid pocket was identified in those patients whe 
did not have pooled fluid in the vagina. Women with 
mature amniotic fluid lung maturity studies (phospha- 
tidy! glycerol determination positive or lecithin/sphin- 
gomyelin ratio of 2:1 or more) were delivered, as were 
women who manifested labor or evidence of infection 
(fever, leukocytosis, or bacteria in amniotic fluid ob- 
tained by amniocentesis). Patients of <28 or >34 weeks’ 
gestation by best obstetric dating including history, 
pregnancy milestones, and sonography were not en- 
tered into the study. Those of <28 weeks’ gestation 
were managed expectantly; those beyond 34 weeks’ 
were delivered or expectantly managed, but were not 
considered candidates for steroid treatment and there- 
fore not entered. Twins were excluded as well. The 
remaining patients were therefore of 28 to 34 weeks’ 
gestation with documented premature amniorrhexis 
and were neither in labor nor infected. Patients giving 
informed consent were then randomly assigned by 
means of a table of random numbers to either the ob- 
servation or steroid-treatment groups. Those refusing 
were not further studied. 

Those assigned to the observation group were ad- 
mitted to the antepartum unit, followed with serial vital | 
sign examinations, abdominal examination, and white 
blood counts. Tocolytic and antipyretic drugs were not 
used in this group. Delivery occurred after labor, am- 
nionitis, or fetal distress developed. Nine patients in 
this group were observed without evidence of infection 
or labor for 7 days and were discharged with instruc- 
tions to continue bed rest and temperature checks at 
home. Six of these were later readmitted, but three 
were eventually delivered elsewhere; adequate data for 
these three patients and their infants were not available, 
and so they were excluded. 

Patients assigned to the steroid-treated group were 
given 500 mg of hydrocortisone intravenously every 8 
hours for four doses.’ ‘Tocolytics (magnesium sulfate, 
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Table II. Maternal outcome 
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Steroid-treated group l Observation group l 
©" {n = 38) (n = 35) Significance 

Weeks of gestation at delivery 31.4 + 1.6 31.7 1.9 NS 
Hours of ruptured membranes at delivery - 89.9 + 8] 125.5 + 132 NS 
Days in hospital l 6.1 + 15 6.6 + 3.3 NS 
Cesarean section (%) 8 (21.1) 4 (11.4) NS 
Amnionitis (%) 2 (5.3) 1 (2.9) NS 
Postpartum endometritis (%) 9 (23.7) 2 (5.7) p = 0.05 

Vaginal delivery (%) 4/30 (13.3) 2/31 (6.5) NS | 

Cesarean delivery (%) _ 5/8 (62.5) 0/4 p = 0.08 

Table III. Infant outcome - 
Steroid-treated group Observation group 
(n = 38) (n = 35) Significance 

Birth weight (gm) 1710.4 + 457 1753.6 + 406 NS 
Weeks gained—admittance to delivery 0.16 + 0.4 1.05 + 1.4 p = 0.001 
Apgar score 

l min 7-22 1.6 6.2 + 2.4 p = 0.06 

5 min 8.4 + 1.1 8.l + 1.1 NS 
Perinatal mortality (%) 

Discharged alive 36 (94.7) 33 (94.3) NS 

Transferred ] (2.6) 1 (2.9) NS 

Died ] (2.6) 1 (2.9) NS 
Days in hospital 31.4 + 1.6 "31.8 + 1.9 NS 


terbutaline, or ritodrine according to physican pref- 
erence) were used to delay delivery until 12 hours fol- 
lowing completion of steroid therapy when necessary. 
One patient received only one dose of steroid before 


delivery despite tocolytic therapy and was excluded. . 


Delivery was effected at 48 to 72 hours after initiation 
of steroid therapy by discontinuation of tocolysis, in- 
duction of labor, or cesarean section. 

Indications for cesarean delivery were the same in 
both groups. All infants in breech presentation were 
delivered by cesarean section. Prophylactic antibiotics 
were not given to women who were delivered abdom- 
„mally. Antepartum antibiotic therapy was used only for 
patients with clinical amnionitis prior to delivery (tem- 
perature 100.6° F and no extragenital source of fever), 
with culture-proven urinary tract infection, or positive 
group B streptococcus or gonorrhea cultures. Postpar- 
tum endometritis was defined as maternal pyrexia ex- 
ceeding 100.6° F on two readings 6 or more hours apart 
exclusive of the first 24 hours post partum with no 
evidence of an extragenital source of fever. Respiratory 
distress was diagnosed in newborn infants who re- 


quired >24 hours of supplemental oxygen and had - 


compatible clinical and chest x-ray findings. Neonatal 
sepsis was diagnosed when a culture of blood, cerebro- 
spinal fluid, or urine was positive. l 
Data analysis was performed by ,?, Fisher’s exact test, 
t test, Mann-Whitney U test, and three-way contingen- 


cy-table log linear analysis for dichotomous outcome 


data, where appropriate. All probabilities are two- 
tailed. 


Resuits 

Seventy-eight women were enrolled in the study. Five 
were later excluded from analysis for the following rea- 
sons: incomplete data following delivery. elsewhere 
(n = 3, all in the observation group), major congenital 
anomaly (n = 1), and failure to complete steroid ther- 
apy (n = 1). There were therefore 73 mother-infant 
pairs available for study, 38 in the steroid-treated group 


_and 35 in the observation group. A comparison of entry 


characteristics for each group is shown in Table I. The 
groups appear comparable in maternal demography, 
duration of pregnancy and of amniorrhexis prior to 
admission, incidence of immature versus unobtainable 
pulmonary indices, and vaginal group B streptococcal ’ 
colonization. The incidence of group B streptococcal 
colonization for both groups is 19.1%; this compares 
to an expected 5% to 11% incidence of antenatal group 
B streptococcal colonization at this hospital.‘ Amniotic 
fluid for estimation of pulmonary maturity was ob- 
tained via transabdominal amniocentesis in 31.6% and 
31.4% and by vaginal pooled fluid in 21% and 17.1% 


_ of the steroid-treated and observation groups, respec- 


tively. 

Maternal outcome data are displayed in Table II. 
There were no significant differences in the duration 
of pregnancy or amniorrhexis at delivery or in the du- 
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Table IVA. Length of time from rupture of 
the membranes to admission 


Steroid-treated Observation 
Hours group group 


0-12 26 24 
12-24 8 6 
24-48 2 2 
48 2 , 3 
Total 38 35 


ration of hospital stay. Cesarean section was more com- 
mon in the steroid-treated group, but the difference 
did not achieve statistical significance. There were eight 
cesarean deliveries in the steroid group (four breech, 
three repeat, and one for suspected fetal distress) and 
four in the observation group (two repeat and one each 
for breech and suspected distress). There was no dif- 
ference in the incidence of antenatal amnionitis, but 
the steroid-treated group did have significantly more 
postpartum endometritis. Prophylactic antibiotics for 
cesarean section were not used in either group. One 
woman in the steroid-treated group who had not re- 
ceived tocolytics developed mild pulmonary edema 
which responded promptly to fuid restriction and di- 
uretics. Tocolytic drugs were used in 15 of 38 women 
in the steroid-treated group. The one patient in whom 
tocolytic therapy was unsuccessful in delaying delivery 
was excluded. 

Infant outcome data are displayed in Table III. Birth 
weights were similar as were gestational ages at delivery 
(see also Table II). Five-minute Apgar scores were not 
significantly different, but the observation group did 
have a lower mean Apgar score at 1 minute, perhaps 
reflecting the lower incidence of abdominal delivery in 
this group. The perinatal mortality in each group was 
similar, with only one death in each group. A 920 gm 
infant born vaginally at 28 weeks’ gestation to a steroid- 
treated mother died of respiratory distress syndrome 
and intraventricular hemorrhage at 2 days of life. A 
1060 gm infant born vaginally 54 hours after mem- 
branes ruptured died at 5 days, also of respiratory dis- 
tress and intraventricular hemorrhage in the observa- 
tion group. One infant in each group was returned to 
a referring hospital nursery. 

The lengths of time from rupture of the membranes 
to admission and to delivery are displayed in Tables 
IVA and IVB. The groups are comparably distributed 
in duration from rupture to admission but differ in 
duration to delivery as expected. This is reflected in a 
significant difference in duration of pregnancy after 
admission (see Table III). 

Neonatal morbidity is shown in Table V. There was 
no significant difference in the incidence of respiratory 
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Table IVB. Length of time from rupture of 
the membranes to delivery 


Steroid-treated group 











Observation group 


AG 









Cumulative 


Cumulative 

% % % 
0-24 0 0 0 3 8.6 8.6 
24-48 l 2.6 2.6 4 114 20.0 
48-72 19 50.0 52.6 9 25.7 45.7 
72-96 10 26.3 78.9 5 14.3 60.0 
96-168 7 184 97.4 8 22.9 82.9 

=7 days 1 2.6 100 6 17.1 100 


distress syndrome or in the number of days of respi- 
rator therapy, but those in the steroid-treated group 
did have a significant decrease in the number of days 
of supplemental oxygen requirement. Because of the 
effect of fetal sex upon the incidence of respiratory 
distress syndrome and possible suceptibility to steroid 
effect, the incidence of respiratory distress syndrome 
by sex in each group was further analyzed by three- 
way log linear analysis for dichotomous outcomes dis- 
played in Table VI. There was no difference between 
groups in the incidence of respiratory disiress syn- 
drome among male infants. A slight decrease in the 
incidence of respiratory distress syndrome was noted 
in steroid-treated females, but this did not achieve sig- 
nificance. Females did have less respiratory distress syn- 
drome than males; this achieved statistical significance 
(p = 0.037) in the steroid-treated group but not in the 
observation group (p = 0.12) by Fisher’s exact test. 
Neither the mode of delivery nor the use of tocolytic 
agents influenced the incidence of respiratory distress 
syndrome. 

There was no difference in the incidence o? neonatal 
sepsis according to the use of steroids antepartum, and 
there were no deaths caused by sepsis in either group. 
Relative neonatal leukopenia (white blood cell count 
<10,000/mm‘*) was significantly more common in the 
infants of steroid-treated mothers. Infants of steroid- 
treated mothers also had lower peak indirect bilirubin 
values and required significantly fewer days of pho- 
totherapy. 


Comment 


This prospective randomized trial of women with 
preterm prematurely ruptured membranes shows no 
significant decrease in neonatal respiratory distress syn- 
drome or mortality when steroid therapy is used, com- 
pared to conventional therapy. There was a trend that 
did not reach significance which suggested that steroid- 
treated infants required fewer days of ventilator ther- 
apy, and these infants did have significantly fewer days 
of supplemental oxygen therapy. The predominance 
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Table V. Infant morbidity 





. ‘Respiratory disease 


Steroid-treated group Observation group 
(n = 38) (n = 35) 
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Significance 


Respiratory distress syndrome (%) 10 (26.3) 12 (34.3) NS 

~ Days on ventilator (mean) 0.63 + 1.6 NS 
o- Days requiring oxygen (mean) Lene 2.7 4.97 + 11.4 p = 0.04 

avis) * Infectious disease* 

Cie, T. + Sepsis (%) 4 (10.5) 3 (8.6) NS 

i = Leukopenia—white blood cell count 25 (65.8) 10 (28.6) p = 0.004 
" <10,000/mm! (%) 
~~“ Jaundice 

Peak indirect bilirubin (mean) Ose 2 6.6 + 4.3 p = 0.003 
Days of phototherapy (mean) l 5 2.5 +2.00 p = 0.002 


*All infants in both groups were treated with antibiotics. 


Table VI. Incidence of respiratory distress 
syndrome by steroid therapy and sex of infant* 





Incidence of respiratory distress 
syndrome 










Observation 


group 
(n = 35) 


Steroid-treated 


group 
(n = 38) 





Male (%) 
Female (%) 


7/16 (43.8) 
8/22 (13.6) 


10/24 (41.7) 
9/11 (18.2) 


* Three-way log linear analysis for dichotomous outcome 
data reveals no difference in the incidence of respiratory dis- 
tress syndrome. 


of female infants in the steroid-treated group (22 of 38 
were female compared to only 11 of 35 in the obser- 
vation group) could have skewed the outcome in favor 
_ of steroid treatment because of the reported increased 
susceptibility of females to the respiratory benefits of 
corticosteroids.* The three-dimensional log linear anal- 
ysis takes this difference in sex distribution into ac- 
count. Although this analysis confirms the higher in- 
cidence of respiratory distress syndrome in males, the 
sex difference was not related to treatment group. The 
sample size is not sufficient to deny categorically any 
neonatal benefit to steroid therapy in women with pre- 
term prematurely ruptured membranes, but is large 
enough to conclude that any benefit of steroids must 
be of small magnitude and perhaps is confined to fe- 
male infants. 

Garite et al. in a similarly designed study of 160 
patients using betamethasone, found no evidence of. 
benefit in the incidence of respiratory distress syn- 
drome in male or female infants. Seventeen of 79 (21%) 
infants born to mothers managed expectantly dével- 
oped respiratory distress syndrome, whereas 14 of 80 
(17%) infants born to steroid-treated mothers devel- 
oped respiratory distress syndrome. The difference is 
not significant. This study and that of Garite et al. eval- 


uated steroid therapy followed by timed delivery. 
There are also two papers reporting the outcome of 
women with preterm prematurely ruptured mem- 
branes randomly assigned in blind fashion to placebo 
or steroid therapy followed by expectant management. 
Both were reported as part of larger studies of steroids 
in preterm gestation. The first by Tauesch et al.” in 
1979 reported on 81 women with preterm prematurely 
ruptured membranes. Seven of 34 infants (20.6%) born 


` to mothers who received dexamethasone developed re- 


spiratory distress syndrome, whereas 14 of 47 (29.8%) 
born to placebo-treated mothers had respiratory dis- 
tress syndrome. This difference is not statistically sig- 
nificant (x? = 1.01, p = 0.3), although there is a trend 
in favor of steroid treatment. The Collaborative Group 
on Antenatal Steroid Therapy reported 288 cases of 
preterm prematurely ruptured membranes randomly 
assigned to receive either dexamethasone or placebo 
and followed expectantly.’ Fifteen of 153 infants whose 
mothers received steroids (9.8%) developed respiratory 


distress syndrome, compared to 17 of 135 (12.6%) in- 


fants who developed respiratory distress syndrome in 
the placebo zroup. This difference is also not statisti- 
cally significant (x? = 0.57, p = 0.7). Whether the en- 
dogenous stress of preterm amnion rupture mimics 
and therefore obliterates the therapeutic effect of ex- 
ogenous steroids seen in patients with intact mem- 
branes remains uncertain.’ 

Garite et al. and Tauesch et al” both reported an 
increased incidence of postpartum infection in steroid- 
treated mothers: 11% in expectantly managed versus 
29% of steroid-treated mothers in Garite’s study, and 
12% of expectantly managed versus 27% of steroid- 
treated mothers in Tauesch’s report. Our data is similar, 
with 5.7% and 23.7% postpartum endometritis rates 
for observation and steroid-treated groups respectively. 
Garite’s patients who were delivered abdominally all 
received prophylactic antibiotics; the incidence of en- 
dometritis in observed and steroid-treated mothers de- 
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livered by section-was similar, but there was a pro- 
nounced increase in‘the incidence of endometritis in 
Garite’s steroid-treated mothers delivered vaginally 
(p = 0.025) who did not routinely receive prophylactic 
antibiotics. In our study, the increase in postpartum 
endometritis among steroid-treated patients is most 
likely due to the high (5/8) incidence of infection fol- 
lowing cesarean section in steroid-treated patients. This 
apparent effect on the incidence of postpartum febrile 
morbidity may be due to a steroid-mediated alteration 
in host response but could also be explained by the 
greater number of cesarean sections in the steroid 
group or by a difference in one of the other standard 
risk factors for puerperal infection such as duration 
of labor, number of vaginal examinations, maternal 
weight, operative time, anesthesia mode, or duration 
of indwelling intrauterine catheter placement, factors 
for which we did not control. 

There are several other findings which deserve com- 
ment. Assuming one accepts our findings and those of 
Garite et al, Tauesch et al., and the Collaborative 
Group cited earlier and abandons the use of steroids 
in women with preterm prematurely ruptured mem- 
branes, the management plan for each patient will be 
determined by an individual assessment of the risks of 
delivery (prematurity) versus the risks of expectant 
management (infection and prolapsed cord). Assess- 


ment of fetal lung maturity was accomplished in about . 


half of our patients; an unrecorded number of women 
with preterm prematurely ruptured membranes had 
amniotic fluid studies indicating fetal lung maturity and 
were not enrolled. The authors and house staff partic- 
ipating in the study were often surprised that so many 
women of apparently <34 weeks’ gestation had fluid 
studies indicating maturity. Amniotic fluid is often 
available from women with preterm prematurely rup- 
tured membranes and provides a rational basis for in- 
terventionist or expectant management. Means of es- 
timating the risk of infection for expectantly managed 
patients with preterm prematurely ruptured mem- 
branes are less secure, but it is again important to look 
for known pathogens such as the group B streptococcus 
when expectant management is chosen. Six of 35 wom- 
en expectantly managed were colonized at-the time of 
admission with group B streptococcus. All were treated 
with oral amexicillin or ampicillin and recultured when 
possible. Nevertheless, three of these infants were col- 
onized at birth, and one had documented group B 
streptococcal sepsis from which he recovered. Thus in- 
travenous rather than oral ampicillin may be necessary 
in these patients." One could argue that a positive vag- 
inal group B streptococcus culture at.the time of ad- 
mission should lead first to intravenous ampicillin fol- 
lowed by termination of expectant management. The 
number of cases here is too small to draw conclusions, 
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other than to state that expectant management in the 
face of a positive group B streptococcus culture is prob- 
lematic. Perhaps in the future it will be possible to assess 
the antibacterial activity of amniotic fluid from women 
with preterm prematurely ruptured membranes in or- 
der to further quantify their likelihood of infection. 
That approach has been frustrating to date.” 

The success in the steroid-treated group in delaying 
delivery, with only one patient lost due to incomplete 
steroid therapy, is probably due to a self-selection -pro- 
cess at the time of entry. Patients thought to be in labor 
were not candidates for enrollment,.and so a period of 
observation for possible uterine acvitity while amniotic 
fluid ‘studies were pending was often the case before 
enrollment and subsequent randomization. We felt this 
was advisable in order to avoid thé maternal risk of 
aggressive tocolysis in steroid-treated patients and the 
potential long-term -risk of steroids without a chance 
for short-term benefit. 

The rate of spontaneous labor in the observation 
group was consistent with the experience of others.’ 
Fifty percent of women with preterm prematurely rup- 
tured membranes who were managed expectantly de- 
livered spontaneously in the first 3 days and 83% within 
the first 7 days. We feel that “anticipatory” transport 
of women with preterm prematurely ruptured mem- 
branes to a perinatal center is therefore advisable to 
gain the documented advantage of preterm delivery in 
a high-risk center." For those 20% of women who re- 
main undelivered and uninfected 1 week after. am- 
niorrhexis, management can then be individualized. 

Two unexpected findings in the infants of steroid- 
treated mothers were the increased (65%) incidence of 
relative leukopenia (white blood count <10,000/mm‘), 
and the significant decrease in the mean indirect bili- 
rubin and concomitant decrease in the duration of pho- 
totherapy in this group. The decreased white blood 
counts may be related to the slightly higher rate of 
abdominal delivery in the steroid-treated group, spar- 
ing the fetus the physiologic stress of labor and cor- 
responding rise in white blood counts. It is tempting 
to speculate that maternal steroid treatment accelerates 
maturation of fetal hepatic glucuronyl transferase ac- 
tivity, which would explain the diminished neonatal 
jaundice: Many other factors such as mode of delivery, 
incidence of traumatic delivery and hematoma for- 
mation, and hematocrit would need to be controlled 
before accepting such a conclusion from these data. 

In summary, we believe that this series, when con- 
sidered with others in the literature, provides addi- 
tional evidence that any fetal benefit of antenatal ste- 
roid therapy in women with prematurely ruptured 
membranes between 28 and 34 weeks’ gestation is of 
small magnitude. Given the overall excellent outcome 
of expectantly managed pregnancies and the possibility 
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of increased infectious morbidity in steroid-treated 
mothers, steroid therapy appears to have no advantage 
over expectant management in these women. Research- 
ers should look elsewhere to improve the outcome of 
these pregnancies. 
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Antenatal diagnosis of renal anomalies with ultrasound 


II. Bilateral renal agenesis 
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E. Albert Reece, M.D., Ingeborg Venus, M.S., and John C. Hobbins, M.D. 


New Haven, Connecticut . 


Bilateral renal agenesis is a lethal congenital anomaly. A reliable prenatal diagnosis is extremely important, 
since it may offer options for pregnancy termination or may change obstetric management in the third — 
trimester. This study examined the accuracy of ultrasound in making an antenatal diagnosis of bilateral 
renal agenesis in three different populations: (1) patients with a family history of bilateral renal agenesis, 
(2) patients diagnosed during the course of a routine scan, and (3) patients referred because of a previous 
suspicious ultrasound examination in a level | ultrasound facility. In group A there were three true positive, 
13 true negative, no false negative, and no false positive diagnoses. In group B there were three true 
positive and no false positive diagnoses. In group C there were 12 true positive, 17 true negative, one 
false negative, and no false positive diagnoses. The value and potential pitfall of tre different diagnostic 
criteria are discussed. We conclude that ultrasound is a valuable tool in the detection of intrauterine renal 
failure, although there are limitations to a specific diagnosis of bilateral renal agenesis. (AM J OBSTET 


GYNECOL 1985;151:38-43.) 
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Bilateral renal agenesis is a lethal congenital anomaly 
with an incidence of 0.3 of 1000 births. The term Pot- 
ter syndrome refers to the combination of bilateral 
renal agenesis, pulmonary hypoplasia, typical facies, 
and aberrant hand and foot positioning.” ? Isolated 
case reports have documented the feasibility of making 















Study group 
Family history of bilateral 16 a 
renal agenesis — 
Incidental finding on routine 4649 3 
scan 
Previous suspicious scan in 30 12 


Level I facility 





False negative | 
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*In one case the diagnosis was delayed until the third trimester. 


Precise figures not available as not all perinatal deaths underwent autopsy. 


an antenatal diagnosis with sonography. However, 
the diagnostic accuracy of this technique has not been 
examined in a large series. A reliable prenatal diagnosis 
of this uniformly lethal condition would be extremely 
important as it may offer options for elective termina- 
tion of pregnancy prior to viability or may change 
obstetric management in the third trimester. The pur- 
_ pose of this communication is to examine the accuracy 
-and limitations of sonography in the antenatal diag- 
nosis of bilateral renal agenesis. 


Material and methods 


From January 1, 1978, to December 31, 1982, 18 


fetuses were diagnosed at the perinatal ultrasound unit 
of Yale-New Haven Hospital as having Potter syn- 
drome. These cases emanated from three different 


populations. Group A consisted of 16 patients referred 
= to our unit because of a history of having previously 
= been delivered of an infant with Potter syndrome, 


aoe Group. B consisted of 4649 patients who were scanned 


in our unit and deliver ‘ed at Yale~New Haven Hospital. 
Ult asound examination was requested in these pa- 





tients because of obstetric indications (discrepancy be- 
tween sizes and dates, dating, placental location, etc.). 


~ Group C consisted of 30 patients referred from level I 


~~ ultrasound facilities with the suspicion of a renal 
- anomaly suggested by oligohydramnios and uncer- 
Hs tainty about the visualization of the fetal bladder or the 
presence of kidneys. In all patients with a positive 
“antenatal diagnosis, autopsy reports were available. 
Neonatal follow-up was available for all infants re- 
ferred because of a positive family history (group A) as 


<o well as those referred from level I ultrasound facilities 
ee -with a suspicion of a renal anomaly (group C). The 
` birth prevalence of Potter syndrome in infants deliv- 


ered at Yale~New Haven Hospital during the study 
period was determined from a review of the autopsy 
report of all perinatal deaths. 

Sonographic examinations were performed using a 


- static B scanner with a 3.5 MHz transducer (Picker, 


North Haven, Connecticut) and/or linear-array real- 


time equipment with a 3.5 MHz transducer ( General 
Electric, Milwaukee, Wisconsin: ADR, Tempe, A 
zona; Picker, North Haven, Connecticut). 









The antenatal sonographic diagnosis of renal agene 
sis was based on the combination of severe oligoh 
dramnios, absence of fetal bladder, and failure t 
identify fetal kidneys. | 


Results 5 

Table I demonstrates the diagnostic accuracy of ul- 
trasonography in the antenatal diagnosis of bilateral s 
renal agenesis. Of the 16 patients with a family history - 
of the anomaly (group A), there were three true posi 
tive and 13 true negative diagnoses. Three true posi- : 
tives occurred in the 4649 patients who had antenatal © 
sonograms for obstetric indications and subseque nth Le 






delivered at our institution (group B). No false positive i 
diagnosis was found in this group. The precise inci 
dence of false negatives cannot be accurately calcu- : 
lated, since not all stillbirths or neonatal deaths h oe 












autopsies. : 

Of the 30 patients referred from level I eisi ul 
facilities with the suspicion of renal anomalies (gre 
C), there were 12 true positive, 





one false negative, n me 
false positive, and 17 true negative diagnoses. Of the 1 ine: 
true negative diagnoses, there were 12 infants w ithou 
congenital anomalies, two with dysplastic kidneys, on 








with infantile polycystic kidney disease, one with 





multicystic kidney and hydrocephaly, and one with 
multicystic left kidney and absence of the right kidne 
Antenatal identification of the specific renal anomal _ 
occurred in all cases except for the unilateral renal 
agenesis. ee : 

The one false negative diagnosis occurred in a pa o 
tient referred for discrepancy of size and dates at 36 
weeks gestation. Although oligohydramnios and a. 
nonvisualized bladder suggested bilateral renal. agen- xe 
cies, we were uncertain about the absence of kidneys. 
In view of the presence of massive hydrocephaly and | 
severe renal dysfunction, the decision was made against _ 
aggressive intervention for fetal indications. 
































© Of the 18 correctly diagnosed cases there were seven 
, fetuses diagnosed prior to 24 weeks’ gestation. These 
a patients included two from the group with a family 
s; history of bilateral renal agenesis, two referred from a 
 Jevel I ultrasound facility because of the suspicion of 
renal anomaly, and the three remaining who under- 
went sonography because of exposure to progesterone 
: in early pregnancy (1 case), elevated maternal serum 
a-fetoprotein (1 case), and midtrimester amniocentesis 
~ because of maternal age >35 years (1 case). All the 
_ patients with a family history of bilateral renal agenesis 
were scanned prior to 24 weeks’ gestation. In one case 
“the diagnosis was made after 24 weeks’ gestation. Her 
scan, at 21 weeks, demonstrated oligohydramnios, and 
there was uncertainty as to the absolute absence of a 
fe tal bladder. Fetal kidneys were thought to be pres- 
nt. At a later scan ae weeks’ Jeane no bladder 


















in boih cases was pie and the diagnosis of Seta 
agenesis was made prior to delivery. Nonaggressive in- 
tervention for fetal indications was advised to the re- 
ferral physician. Of the 30 patients referred from level 
ultrasound facilities with the suspicion of a renal 
nomaly, 16 were referred prior to 24 weeks. All these 
patients had been scanned in a level I facility because of 





patients scanned before 24 weeks of gestation for 
‘obstetric or genetic indication (group B) in our unit 
over the 5-year peta period was not determined. 





Fig. 1. Transverse scan of the fetal abdomen in Case 19. The paraspinal image indicated by the 
arrows corresponds to an adrenal gland in a fetus with bilateral renal agenesis. 


size and: dates discrepancies. The precise number of 


Sonographic findings were as follows: of the 19 af- 
fected fetuses, a bladder was not visualized in 18, oli- 
gohydramnios was present in all, and fetal kidneys 
were finally thought to be absent in 18 cases. 


Comment 

In bilateral renal agenesis, as in any other uniformly 
lethal disorder, a reliable prenatal diagnosis is ex- 
tremely important. False positive diagnoses could re- 
sult in elective terminations of pregnancy or in subop- 
timal management of viable unaffected infants. False 
negative diagnosis could result in an unnecessary ce- 
sarean section, not infrequently performed because of 
intrapartum fetal distress or malpresentations in in- 
fants with bilateral renal agenesis." 

This report addresses the diagnostic accuracy of 
sonography in three different populations: (1) patients 
with a history of having delivered a child with bilateral 
renal agenesis, (2) patients referred to our ultrasound 
unit because of routine obstetric or genetic indications 
(e.g., elevated maternal serum a-fetoprotein, mid- 
trimester amniocentesis because of maternal age), and 
(3) patients referred from level I ultrasound facilities 
with the suspicion of bilateral renal agenesis or a severe 
renal anomaly. 

The first population examines the ability of ul- 
trasound to identify the disease in a population at risk. 
Bilateral renal agenesis seems to be transmitted in a 


ee pattern with a suggested rec urrence rate of Ah 
2% to 5%. Some cases with a possible : autosomal reces- 
sive and X-linked inheritance have also been ree ee 


ported. 1° The correct antenatal diagnosis was made t mi 

















Fig. 2. 4, Transverse scan of the abdomen of Case 2 at 21 weeks’ gestation. Small arrows outline 
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enlarged fetal adrenals originally thought to correspond to fetal kidneys. B, Transverse scan of the 
fetal abdomen in the same patient at 26 weeks’ gestation. The arrows outline a paraspinal mass 
without a capsule or a clearly visualized renal pelvis. S, Spine. 


the three affected infants and excluded in the remain- 
ing 13. In two cases the diagnosis was made prior to 24 
weeks’ gestation based on the presence of oligohy- 
-dramnios, a nonvisualized fetal bladder, and the ab- 


sence of kidneys. In one case, the diagnosis was delaved 
because of initial uncertainty about nonvisualization of 


a fetal bladder and the presence of kidneys. Ata later 
tume the bladder was not visualized in repeated scans 
and it was realized that the retroperitoneal paraspinal 
masses represented adrenal glands. This was later 
confirmed at autopsy when the adrenal glands were 
found to be enlarged and weighed 10 gm (left) and 
10.5 gm (right) (normal combined fetal adrenal weight 
at 39 weeks’ gestation is 8.5 gm"). This potential source 
of confusion has been previously recognized in both 


3 








fetuses and neonates.”  Potter™ has suggested thatthe & 
adrenal glands in bilateral renal agenesis adopt an oval 
disk shape presumably because of the absence of a- 
compressive effect by the normal kidney. This shape 
can grossly simulate the morphology of a normal fetal 
kidney (Figs. 1 to 3). It is possible that with the im- 






proved knowledge of both intrarenal and adrenal 
anatomy this potential source of error can be mini- 
mized in the future. Criteria that may be helpful in. 
distinguishing between the two organs include clear 
identification of the renal ca psule and consistent imag- 
ing of the renal pelvis. i 

The second population (group B) addresses the abil- 
ity of experienced ultrasonographers to detect bilateral 
renal agenesis in patients referred for examination be- < 





Table IL. Clinically assigned causes of perinatal 
death in infants without autopsies during the 
studied period 







































Cause of death No. of cases 


Extreme prematurity 185 
Congenital heart disease 16 
Necrotizing enterocolitis 6 
Anencephaly ‘ 
Intraventricular hemorrhage 4 
- Meconium aspiration syndrome 3 
Burris 2 
Perinatal anoxia 5 
Multiple congenital anomalies” 2 





 * Bilateral renal agenesis excluded by postnatal sonography. 


cause of obstetric or genetic indications. Three true 





‘positive diagnoses occurred in this group. No false 
‘positive diagnosis was made. As previously stated the 
ümber of false and true negative diagnoses could not 


‘determined with absolute accuracy. The precise in- 








lence of false negative diagnosis cannot be accurately 
alculated, “since not all stillbirths or neonatal deaths 
d autopsies. However, a reasonable estimate of the 
Jikelihood of a missed diagnosis of bilateral renal 
genesis can be obec from the following calcula- 
tion: over the studied period there were 676 perinatal 
‘deaths (457 neonatal and 219 stillbirths). The total 
‘number of autopsies of this group was 365 (53%). Of 
the autopsied infants, £ ) had bilateral renal agenesis. Six 
‘of these infants were antenatally diagnosed (one from 
G sroup A, two from group B, and three from group C), 
and the remaining three did not have prenatal sonog- 
raphy. of the 31 L paces that did not have autopsies, 








232 had an identifiable cause of death (Table Il). This 
leaves 79 (8.1%) unexplained perinatal deaths, in 
which all fetuses underwent a gross examination by a 
pathologist and none had stigmas of Potter syndrome. 
It is therefore unlikely that cases of bilateral renal 
agenesis were missed. 

Group C illustrates the value of a level H ultrasound 
facility as a consulting service for level I ultrasound 
units. There were no false positive and one false nega- 
tive diagnoses. Ultrasound demonstrated reasonable 
diagnostic accuracy in this high-risk population with a 
prevalence of bilateral renal agenesis of 40%. 
tantly, the diagnosis was excluded in 12 patients who 


Im por- 


ultimately were delivered of infants without congenital 
anomalies. 

The proposed diagnostic criteria for bilateral renal 
agenesis include the following: oligohydramnios, non- 
visualization of a fetal bladder, and absence of kidneys. 
Oligohydramnios is thought to result from the lack of | 
production of fetal urine, an important component of | 
amniotic fluid. However, it has been suggested that 
prior to 16 weeks’ gestation the contribution of fetal 
urine to amniotic fluid volume is minor! and therefore © 
it is possible that oligohydramnios is not invariably. 
present in bilateral renal agenesis in the early midtri- — 
mester. Furthermore, cases of bilateral renal agenesis: 


without oligohydramnios have been reported in asso- ae oe 


ciation with other defects that impaired the disposition 2a 
of amniotic fluid (e.g., esophageal atresia, severe cen z 


tral nervous system defects that i pan the neur al con: ai on 


trol of deglutition).* os o 
Although the absence of fetal kidneys should be the 
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most specific finding in bilateral renal agenesis, the 
previously discussed potential confusion with enlarged 
or abnormally shaped adrenal glands must be rec- 
ognized. More observations are necessary to estab- 
lish whether the improved resolution of ultrasound 
equipment and the knowledge of the intrarenal and 
adrenal anatomy will permit reliable distinction of 
these two organs in the presence of oligohydramnios. 

It s2ems that repeated and consistent nonvisualiza- 
tion cf a fetal bladder is a reliable sign of in utero 
failure to produce urine (in the absence of urinary 
obstr.ction). A fetal bladder is easy to identify and 
should be demonstrated in every sonographic exami- 
natioz. Its absence after 16 weeks of gestation should 
prompt further investigation. It can result from recent 
fetal <nicturition or be a sign of renal failure. Reexami- 
natioz of the patient should solve this problem. In cases 
of deubt, furosemide can be administered to the 
mother, since this drug will cross the placenta and in- 
duce fetal diuresis.”* Failure to identify a fetal bladder 
will suggest urinary failure. Examination of the kidneys 
should then be performed to establish the cause of the 
problem. Hyperechogenic enlarged kidneys would 
suggest infantile polycystic kidney disease, and absent 
kidnevs suggest bilateral renal agenesis. 


Adcendum 


Since the submission of this manuscript, we have had 
three cases in which a false positive diagnosis of renal 
agenesis was made. These fetuses had a nonvisualized 
bladder and severe oligohydramnios and failed to have 
a furesemide-induced diuresis. At the time of sonog- 
raphy they were thought not to have kidneys. After 
delive-y, kidneys were present and were morphologi- 
cally normal in two and abnormal i in one. These obser- 
vations have made us reexamine our position regard- 


ing a confident diagnosis of bilateral renal agenesis. We. 


believe that ultrasound may detect intrauterine renal 
failure associated with absent or functionally abnormal 
kidneys but believe that in some cases of pre—renal 
abnormality {intrauterine growth retardation?) it may 
be imzossible-with the present resolution of ultrasound 
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equipment to establish unequivocally the absence of 
kidneys. Our experience opens questions about the re- 
liability of furosemide-induced diuresis to differentiate 


‘between renal agenesis and other cases of intrauterine 


renal failure. Options such as the instillation of fluid in 
the amniotic cavity may help improve the specificity of 
ultrasound in the diagnosis of bilateral renal agenesis. 
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Prenatal detection of congenital malformations by 


ultrasonography 


Mayo Clinic experience 


Lyndon M. Hill, M.D., Robert Breckle, R.T., R.D.M.S., and William C. Gehrking, R.T. 


Rochester, Minnesota 


Routine obstetric ultrasonography has been performed at our institution since 1974. During a recent 
41-month period, 64 neonates with 83 congenital abnormalities had been scanned before delivery. The 
detection rate according to the organ system involved and the year in which the study was performed is 
reviewed. Suggestions, based upon the data presented, are given for the various anatomic sites and fetal 
dimensions that should be evaluated during each stage il ultrasound examination. (AM J OBSTET GYNECOL 


1985; 151:44-50.) 


Key words: Ultrasound, congenital, malformations 


The improved resolution: obtained with current ul- 
trasound equipment has permitted sonographers to 
delineate normal fetal anatomy in increasingly finer de- 
tail.’ Detection of abnormal growth or of a failure in 
the normal developmental processes has become pos- 
sible through the use of ultrasound. With this informa- 
tion, congenital abnormalities can be either detected or 
suspected at a relatively early gestational age. Depend- 
ing on the. specific abnormality, second-trimester pa- 
tients can be offered a stage I ultrasound examination 
in an attempt to exclude the recurrence of a known 
inherited defect. The diagnosis of a specific congenital 
abnormality during an ultrasound examination in the 
third trimester can affect not only the obstetric man- 
, .. agement but also the early neonatal care. Hence, it is 

- important for the obstetrician to be cognizant of both 
the potential and the limitations of ultrasonography for 
detection and, correct. diagnosis of congenital abnor- 
malities. | | 

This report reviews our current experience with the 
ultrasonic assessment of fetal malformations. 


Material and methods. 


The Mayo Clinic is a level 3 referral center for south- 
eastern Minnesota, northwestern Iowa, and. southwest- 
ern Wisconsin. Since 1974, routine obstetric ultra- 
sonography has been performed in the last part of the 
second or early part of the third trimester. ` | 


From the Division of Obstetrics, Mayo Clinic and Mayo Foundation. 
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Over a 4l-month period (October, 1979, through 
February, 1983), a total of 9230 sonograms had been 
obtained on the 5420 patients who were delivered: 
a single ultrasound examination was performed in 
58.1%, two scans in 29.4%, three scans in 8.7%, and 
four or more scans in 3.8%. Each patient was scanned 
in a semirecumbent position. The intrauterine envi- 
ronment was initially evaluated by means of a linear 
array real-time system* with a 3.5 MHz transducer. 
The fetal lie, the gestational age assessment, the 
semiquantitative estimate of amniotic fluid volume, and ` 
the placental location and grade were determined. A 
cursory systematic fetal organ review was then per- 
formed in an attempt to detect any gross congenital 
abnormalities. A B-mode gray-scale scannert was then 
used to obtain an overview of the intrauterine envi- 
ronment in both the longitudinal plane and the trans- 
verse plane. | ý 

During the. study period, members of the Depart- 
ment of Pediatrics discovered 83 congenital anomalies 
in 64 neonates within the first month of life. In every 
instance, either the sonographic diagnosis was con- 
firmed or there were anomalies that had not been de- 
tected at the time of the ultrasound examination. Al- 
though there were no false positive diagnoses, several 
patients were evaluated with serial ultrasound exami- 
nations until. the sonographer was convinced that vari- 
ations in fetal anatomy or organ size were within the 
acceptable limits of normal. | 


*Picker Model LS-2000 linear scanner, Picker Corporation, 


- 12 Clintonville Road, Northford, CT 06472. 


+80-L digital scanner, Picker Corporation. 
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Table I. Congenital malformations: Central nervous system 


Abnormal Antenatal i 
No. ultrasound diagnosis Incidence 
4 
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Anomaly Reference 
Anencephaly 4 4 0.75/1000 2 
Hydrocephalus 2 2 2 0.75/1000 2 
Encephalocele l l I 0.14/1000 2 
Hydranencephaly 2 2 l Rare 
Holoprosencephaly ] ] 0 1/6000 (genetic, familial, 3 

idiopathic) 
Microcephaly l 0 0 0.19/1000 2 


Table II. Congenital malformations: Orogastrointestinal tract 













Abnormal Antenatal 
Anomaly No. ultrasound diagnosis Incidence Reference 
Cleft lip or palate 5 0 0 1/1063 11 
Imperforate anus 2 0 0 1/5000 ll 
Tracheoesophageal fistula 2 0 0 1/1000 ‘3 
Omphalocele | 2 0 0 1.4/10,000 2 
Duodenal atresia I ] ] 1/10,000 1] 
Gastroschisis ] I i 1/20,000 1] 
Diaphragmatic hernia l l 0 1/5000 12 
Duplication of terminal ileum I 0 0 Rare 3 





*In one infant with multiple congenital anomalies, the diaphragmatic hernia was not detected. 


Anatomic anomalies 


Central nervous system. Each of the 10 malforma- 
tions of the central nervous system that occurred 
during the study period (Table I) was diagnosed or 
suspected antenatally. The neonate with congenital 
microcephaly had been ultrasonically normal at the 
gestational age when scanning was performed. 

The earlier the diagnosis of hydrocephaly is made, 
the easier it is to differentiate normal cerebral anat- 
omy. An increase in lateral ventricular dilatation with 
tume helps confirm the diagnosis.* Once massive ven- 
tricular dilatation occurs, however, compression of 
normal brain architecture can resemble destructive le- 
sions of the brain {hydranencephaly, porencephaly). 
Because it is now technically possible to place a ven- 
triculoamniotic shunt in a premature fetus with hy- 
drocephalus,® the antenatal identification of specific 
pathologic entities in the central nervous system is cru- 
cial. In addition, the obstetric Management can vary 
from transabdominal encephalocentesis and vaginal 
delivery? to premature delivery by cesarean section (af- 
ter lung maturation has been confirmed) followed by 
neonatal ventriculoperitoneal shunting. One of the two 
cases of hycranencephaly in this study was originally 
diagnosed as hydrocephalus and, as a result, cesarean 
section was performed rather than a cranial decom- 
pression and vaginal delivery. Occasionally, antenatal 


computed tomography can be of assistance in the - 


confirmation of a diagnosis that is suspected from ul- 
trasonic findings.’ 


In the only case of microcephaly in this series, scan- 
ning was performed at 14 and 22 weeks. The biparietal 
diameter, cephalic index, and head circumference? 
were within normal limits at those times. Most cases of 
microcephaly, however, are not detected until the third 
trimester. Kurtz et al.’ divided microcephaly into three 
groups on the basis of the antenatal sonographic 
findings: (1) true microcephaly (biparietal diameter >3 
SD below the mean) with associated mental retardation, 
(2) relative microcephaly (biparietal diameter 1 to 3 SD 
below the mean), and (3) pseudomicrocephaly (a small 
biparietal diameter because of an abnormally shaped 
head). 

Gastrointestinal system. The 15 congenital abnor- 
malities of the orogastrointestinal tract encountered 
during the study are outlined in Table II. Three of the 
fetuses had abnormal sonograms, and two of the ab- “ 


‘normalities were diagnosed antenatally. 


Antenatal ultrasonic detection of cleft lip or palate 
has been reported.!3 In our series, however, none of 
the mothers had previously given birth to a child with 
this defect. Therefore, the anomaly was not specifically 
looked for, nor was it detected on routine ultra- 
sonography. | 

A sonogram obtained at 22 weeks’ gestation for as- 
sessment of gestational age failed to reveal a large om- 
phalocele containing liver and small and large bowel. A 
much smaller omphalocele was likewise undetected on 
a routine scan at 26 weeks’ gestation. | 

The single case of gastroschisis was detected at 32 
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Table III. Congenital malton Cardiothoracic system 


Abnormal Antenatal 
Anomaly ultrasound diagnosis Incidence eee 


Cardiac (congenital heart disease) 

‘Atrial flutter with variable ventricu- ia 
lar response 

Supraventricular tachycardia 


bared 


pi 


Premature atrial contractions, pre- 
mature atrial tachycardia 

Common atrium, atrial septal defect 
Transposition of great vessels 
Ventricular septal defect 
Pulmonary valve atresia 
Hypoplastic pulmonary artery 
Mitral valve atresia 
Patent ductus arteriosus 
Aortic stenosis 
Hypoplastic left heart 

Thoracic 3 
Asphyxiating thoracic dystrophy 
Cystic hygroma - l 
Laryngeal hypoplasia l 


meai pi i G RO ee OO KO NO 
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Table IV. Congenital malformations: Genitourinary ibe 


' Abnormal Antenatal | 
ultrasound _ dagnosis Incidence Reference 


Anomaly 
Urethral atresia or stenosis 2 
Bilateral renal agenesis 3 3 
Posterior urethral valves , 2 2 
Cystic disease of the kidney i l 
Obstruction at ureteropel- 2 2 
vic junction 
Prune-beily syndrome 2 2 
Solitary kidney l 0 


weeks’ gestation. After delivery by cesarean section, a 
primary repair of the defect was performed without 
difficulty. The diagnosis of duodenal atresia was made 
on routine scanning at 29 weeks’ gestation. This infant 
also had Down’s syndrome. 

Mothers of both infants with a final diagnosis of j im- 
perforate anus had undergone scanning before 25 
weeks’ gestation, which is before the fetus begins to 
ingést a substantial amount of amniotic fluid. As a re- 
sult, the sonolucent pattern characteristic of distal co- 
lonic obstruction was not perceptible.'4 


Neither a tracheoesophageal fistula nor duplication | 


of the terminal ileum has been detected ultrasonically, 
and these are mentioned merely for completeness. 

Cardiothoracic system. Nine neonates with either 
congenital heart disease or a rhythm disturbance were 
delivered. Only the three cardiac arrhythmias were 
diagnosed antenatally (Table IJI). One infant with su- 
praventricular tachycardia and secondary congestive 
heart failure was successfully treated by administration 
of digoxin and propranolol to the mother.” 
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1/10,000 18 
1/4000 19 
] 1/1000 (neonate, child, 20 
adult); 1/25,000 21 

(severe obstruction) 
l 2-4/1000 l 3 
2 1/1250 18 
] 1/40,000 22 
0 1/1500 11 


Fetal cardiac scanning to rule out congenital anoma- 
lies was not routinely performed during the years of 
this review; therefore, congenital heart disease in six 
neonates went undetected until after delivery. None of 
these infants was small for gestational age at delivery 
(birth weights were between 2,740 and 3,750 gm). 

The single case of asphyxiating thoracic dystrophy 
was extremely mild; this infant was developing nor- 
mally at 11 months of age. In another case, detection of ° 
a massive cystic hygroma at 28 weeks led to the vaginal 
breech delivery of a nonviable infant. 

Genitourinary system. All 12 malformations of the 
genitourinary system were either diagnosed antenatally 
(seven) or were associated with an abnormal ultrasound 
examination (five). In the latter instances, a specific 


‘diagnosis could not be made antenatally. One case of 


caudal regression syndrome and a solitary kidney went 
undetected (Table IV). 

Various degrees of urethral obstruction were distin- 
guished by the effect of the blockage on amniotic fluid 
volume and by the condition of the more proximal 
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Table V. Congenital malformations: Skeletal system 
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Abnormal Antenatal 
Anomaly No. ultrasound diagnosis Incidence Reference 
l 


Osteogenesis imperfecta 3 3 1/20,000 2 

Craniosynostosis l ] 0 2.3/10,000 2 

Bilateral congenital absence l 0 0 Rare 3 
of fibula 

Caudal dysplasia syndrome 2 0 0 1/200,000 (overall); 1/1000 3 

(diabetic infants) 

Femoral hypoplasia 0 0 

Bilateral absence of first I 0 0 1/200,000 3 
metacarpals 

Absence of digits 2, 3, and ] 0 0 1/200,000 3 


4 of the hand 


Table VI. Congenital malformations: Chromosomal anomalies 


Abnormal Antenatal 
Anomaly No. ultrasound - diagnosis Incidence Reference 
0 U 3 


Trisomy 21 6 
Trisomy 18 1 
Triploidy (69,X XY) i 

l 


0 
l 
Trisomy 1 (q32—qter) 0 


renal system. Megalocystis and oligohydramnios were 
present at 16 weeks’ gestation in a fetus with urethral 
atresia. 

Multiple loops of hydroureters were visualized in two 
fetuses with prune-belly (Eagle-Barrett) syndrome due 
to posterior urethral valves. Neither infant survived the 
neonatal period. The cystic kidneys characteristic of 
renal dysplasia were seen ultrasonically in one fetus 
with posterior urethral valves. 

Complete obstruction at the ureteropelvic junction 
was easily diagnosed ultrasonically on a routine scan at 
29 weeks’ gestation. 

In the only case of primary renal dysplasia in our 
series, renal function was sufficient to permit visualiza- 
tion of the urinary bladder. Although there was a sub- 
jective decrease in amniotic fluid volume, severe oligo- 
hydramnios (less than a 1 cm pocket of amniotic fluid) 
was not present. 

Recently, attempts have been made to reduce the 
deleterious effect of urinary tract obstruction on sub- 
sequent renat development by placing bladder-amni- 
otic shunts in selected cases. Strict criteria must be used 
in the selection of fetal candidates for the procedure so 
that unnecessary or possibly traumatic intervention is 
not attempted.” *4 

Skeletal system. The nine skeletal abnormalities de- 
tected during the study in general were rare ones 
(Table V). Only one was diagnosed antenatally. UL 
trasound examination revealed abnormalities in three 
patients with osteogenesis imperfecta. Sonographic 
findings consistent with significant growth retardation 
were obtained in one of these three. In the two other 
patients, the following ultrasonic features that were 


1/770 
0 1/6600 3 
0 1/2500 28 
0 Rare 


present were consistent with osteogenesis imperfecta: 
evidence of bone demineralization, head: abdomen 
ratio above the ninety-fifth percentile, deformed fetal 
calvarium with unusual clarity of the cerebral gyri, and 
shortened limb bones. In addition, an outline of the 
fetal skeleton could not be seen on an abdominal 
roentgenogram.”» 26 l 

Craniosynostosis causes various deformities of the 
skull, depending on which sutures close prematurely. 
A sonogram showed the calvarium to be long and nar- 
row in the only cases of this abnormality in our series. 
The biparietal diameter was 6 weeks behind the stated 
gestational age of 38 weeks. Although craniosynostosis 
was not suspected at the time of scanning, the applica- 
tion of current obstetric techniques (cephalic index, 
head circumference,® and femur: biparietal diameter 
ratio”) might have led one to suspect the correct diag- 
nosis. 

Neither woman who gave birth to an infant with 
caudal dysplasia syndrome was diabetic. The diagnosis 
was not suspected in either instance after a routine ul- 
trasound examination. Bilateral femoral hypoplasia 
was an associated anomaly in one infant with caudai 


dysplasia. 


Chromosomal anomalies 


Of the nine infants born with a chromosomal ab- 
normality (Table VJ), only one (triploidy, 69,XXY) had 
an ultrasound examination indicating severe intrauter- 
ine growth retardation. 

The ages of the six women who gave birth to infants 
with Down’s syndrome were 19, 22, 22, 25, 42, and 44 
years. The last two mothers had refused genetic am- 
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Table VII. Congenital malformations: Miscellaneous 


Anomaly 


Cornelia de Lange’s syndrome 
Nonimmune hydrops 
Sacrococcygeal teratoma 

-= Placental chorioangioma 


NO + ew 
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Table VIII. Indications for ultrasound 
examination in cases with congenital malformations 


Patients 
Indication (No.) 
Routine | 28 
Pregnancy dating 16 
Rule out congenital anomaly 6 
Polyhydramnios 4 
Rule out placenta previa ve 
Suspected growth retardation 2 
Breech l 
Premature rupture of membranes 1 
Fetal tachycardia ] 
Large for gestational age l 
Prior stillbirth I 
Diabetes ] 
Total 64 


niocentesis. Infant weights at delivery were between 
2680 and 3140 gm, and the gestational ages ranged 
from 37 to 42 weeks. One infant with Down’s syndrome 
weighed 2160 gm and was delivered prematurely at 34 
weeks’ gestation to a Class B diabetic mother. 


Miscellaneous congenital anomalies 


Miscellaneous congenital abnormalities diagnosed 
antenatally included nonimmune hydrops (one case), 
sacrococcygeal teratoma (one case), and placental cho- 
rioangioma (two cases) (Table VII). The woman who 
gave birth to a 1900 gm female infant with Cornelia de 
Lange’s syndrome at term had not had an ultrascund 
examination after 22 weeks’ gestation. At that time, 
fetal size was appropriate for the stated gestational age. 


Indications for ultrasound examination 


Routine obstetric ultrasonography and pregnancy 
dating were by far the most frequent reasons for scan- 
ning in this series (Table VIII). 

Although the number of fetal congenital anomalies 
detected in our indigenous obstetric population has 
remained relatively static, the number of referral pa- 
tients whose fetuses have ultrasonically detected con- 
genital anomalies has continued to increase (‘Table IX). 
Six of the 19 referral patients had “suspected congeni- 
tal anomaly” as the reason for their stage II ultrasound 
examination (Table VIII). 
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Abnormal Antenatal 
ultrasound diagnosis Incidence Reference 


1/>10,000 ll 
i 1/3500 29 
] 1/40,000 1] 
2 Microscopic, 1/100; 30 
y >2 cm in diame- 
l ter, 1/1000 


Table IX. Patient base for congenital anomalies 


Year 
October, 1979, January and 
Patients through 1980 | 1981 | 1982 | February, 1983 
Mayo Clinic ` 14 14 15 2 
Referral 2 4 10 3 
Comment 


In the United States each year, 100,000 to 150,000 
infants are born with a significant congenital anomaly. 
Of this group, 68,000 have physical malformations." 
As demonstrated in our study, the ultrasonographer’s 
ability to detect and diagnose specific physical abnor- 
malities improves with experience. Indeed, it is con- 
ceivable that with technical improvements In ultraso- 
nography we eventually will be able to diagnose most of 
the significant morphologic abnormalities. 

Several factors are important in the ultrasonic detec- 
tion of congenital malformations. First, as mentioned, 
there is the resolution provided by the available sono- 
graphic equipment. Although cardiac anomalies are 
present early in gestation, current real-time scanners 
do not permit an antenatal diagnosis until the last part 
of the second or the early part of the third trimester.” 
Neural tube defects, on the other hand, have been de- 
tected ultrasonically by 16 weeks’ gestation.” 

Second, the time in gestation when a particular ab- 
normality manifests itself must be known. For duode- 


_ nal or jejunal atresia to be diagnosed in utero, a suffi- 


cient amount of amniotic fluid must enter the gastroin- 
testinal tract. Fetal deglutition and a stomach “bubble” 
have been viewed ultrasonically as early as 16 weeks.” 
The quantity of amniotic fuid swallowed at this gesta- 
tional age, however, is only 2 to 7 ml per day. Hence, 
ultrasonic scanning in the last part of the second 
trimester, wien the amount of gastrointestinal fluid 
has increased, may be necessary to exclude obstruc- 
tion.” 

Third, the ultrasonic appearance of a particular 
anomaly may vary among cases, depending on its se- 
verity.2° An accurate assessment of the incidence of 
posterior urethral valves, for example, is difficult since 
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demonstration of obstruction may vary from detection 
in utero to a pathologic diagnosis at autopsy in the 
adult. 

Fourth, specific ultrasound criteria that permit a 
particular diagnosis to be made must be available. Al- 
though an irregularly shaped calvarium was detected 
ultrasonically in our case of sagittal craniosynostosis, 
the correct diagnosis was not suspected. A retrospective 
review of the ultrasonic examination, with the use of 
the cephalic index, head circumference, and abdomi- 
nal circumference (techniques unavailable at the time 
of the scan), permitted an accurate dating of the preg- 
nancy and consideration of the final diagnosis. 

As illustrated in this review, the number of congeni- 
tal abnormalities that can be detected ultrasonically is 
increasing almost daily. Harrison et al.” outlined five 
therapeutic alternatives once a congenital malforma- 
tion has been diagnosed: (1) selective abortion, (2) cor- 
rection after term delivery, (3) induced preterm deliv- 
ery for early neonatal therapy, (4) prophylactic delivery 
by cesarean section in order to reduce fetal trauma, 
and (5) therapy in utero. Since the congenital anoma- 
lies that have the potential for correction in utero are 
relatively few and are dependent upon detection at a 
time when fetal therapy or surgical treatment would be 
efficacious, fetal intervention in utero will remain a 
relatively uncommon event. Hence, it is in the selection 
of one of the other management choices that antenatal 
diagnosis of a congenital anomaly will have its greatest 
impact. 

Routine screening of all obstetric patients by real- 
time ultrasound for congenital malformations is cur- 
rently not cost effective. However, there is a specific 
group of patients who should undergo a stage II ultra- 
sound examination between 20 and 23 weeks’ gestation 
or when the situation dictates. 

1. The major anomaly rate is approximately 18% in 
patients with polyhydramnios. A third of the fetuses in- 
this group will have intestinal obstruction. Other asso- 
ciated anomalies include anencephaly and meningo- 
myelocele.* 

2. Ten percent of infants delivered with intrauterine 
growth retardation have congenital anomalies.*® 

3. Major malformations are increased approximately 
fourfold in children of diabetic women.*® 

4. The incidence of fetal malformations is known to 
be increased in multiple pregnancies*! and in breech 
presentation.” | 

5. The incidence of major anomalies has been re- 
ported to be as high as 20% in fetuses with an abnormal 
result on the antepartum fetal heart rate test. 

6. The risk of recurrence of a congenital anomaly in 
subsequent children is dependent upon the anomaly or 
syndrome involved. Routine ultrasonic screening of 
this subgroup would seem prudent if the anomaly in 
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question can be detected antenatally. Unfortunately, 
more than 90% of malformed infants are the first af- 
fected individuals of a family. 

On the basis of the data outlined above, the following 
anatomic sites and fetal dimensions should be evalu- 
ated during each stage II ultrasound examination: (1) 
fetal spine and calvarium; (2) lateral ventricular: 
hemispheric width ratio, to exclude early hydroceph- 
alus; (3) the fetal neck, to detect hygromas and anterior 
masses; (4) the chest, to look for pleural effusions; (5) 
the skin, to exclude edema; (6) the fetal limbs, to mea- 
sure their length and evaluate movements (neurolog- 
cal damage may first be suspected by notation of either 
abnormal or unilateral absence of fetal movements)*; 
(7) four-chamber cardiac view; (8) the abdomen, to rule 
out ascites; (9) the stomach and intestines, for the pres- 
ence of excess fluid accumulation (indicating obstruc- 
tion) and the absence of abdominal] masses; (10) the 
umbilical vein, to obtain fetal abdominal circumference 
(recognition of abdominal wall defects is possible at this 
time); (11) the fetal kidneys, scanned longitudinally 
and transversely, and the fetal bladder (when oligohy- 
dramnios is present, it is particularly important to vi- 
sualize the bladder and hence exclude renal agenesis 
as a diagnostic possibility); (12) a composite assess- 
ment of gestational age—involving biparietal diameter, 
head circumference, abdominal circumference, esti- 
mated fetal weight, and femur length-to alert the 
sonographer to any discrepancies in fetal growth; (13) 
when there is a significant disparity in the femur 
length: biparietal diameter ratio,” additional mea- 
surement of long bones* to exclude the skeletal dys- 
plasias.*?7 Determination of the head:abdomen ratio 
and a review of intracerebral architecture may also be 
necessary. 

In conclusion, the ultrasound examination has be- 
come an accepted part of obstetric practice. As neo- 
natal care improves, the relative contribution of fetal 
malformations to perinatal mortality continues to in- 
crease. Because the cause of congenital anomalies is 
unknown in up to 70% of cases, preventive measures 
are not possible; however, early diagnosis and selection 
of a plan of management from the choices outlined 
above will reduce fetal morbidity and hence improve 
neonatal survival. 
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Fi ig. 1. Longit udinal section of the uterine fundus before operation demonstrating doh genic material 


Nene Fhe amount present is in excess of that expected froni the central linear echo, of the 
endometrial cavity alone. 
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Fig. 2. Longitudinal section showing echogenic material at fundus (straight arrow) and curette in 
lower uterine segment, directed anteriorly feurved arrow). 














- tage at 12 weeks of gestation. The procedure was per- 
~ formed without difficulty. Three days later she pre- 

— sented to the Yale-New Haven Hospital Emergency 
: Room complaining of fever and heavy vaginal bleeding. 
~ On examination the temperature was 103° F, with ex- 
- quisite tenderness of the uterus and parametria and an 
a open cervical os. The diagnosis of retained products of 
conception was entertained. The patient was unable to 
“tolerate uterine manipulation when curettage was at- 
tempted after a paracervical block, and plans were 
_ made to take her to the operating room. 


Fig. 3. Longitudinal section showing curette 


rotated 180 degrees and redirected into fundus. 


A real-time ultrasound examination of the pelvis 
demonstrated the presence of echogenic material in the 
endometrial cavity (Fig. 1), localized in the fundus. A 
curettage was performed; however, initially no prod- 
ucts of conception were obtained. Real-time ultrasound 
demonstrated that the curette was inappropriately di- 
rected anteriorly and was not reaching the echogenic 
material (Fig. 2). Redirection of the curette under ul- 
trasonic guidance resulted in the extraction of the echo- 
genic material (Fig. 3), which proved to be necrotic 
products of conception on pathologic examination. Ex- 








Postabortal uteri 








Fig. 4. Longitudinal section taken at conclusion of the procedure showing central linear echo of 
endometrial canal (arrow). 


amination of the uterus at the end of the procedure Qur case demonstrates how ultrasound can be used 

(Fig. 4) showed the endometrial cavity to be free of to confirm the diagnosis of retained products of con- 

echogenic material. ception and to direct the placement of the uterine cu- 
, rette. This may help to assure that the uterine cavity. 
Comment has been appropriately emptied. In cases with concom- 

Once postabortal endomyometritis is diagnosed the itant endometritis or acute uterine retroversion it may 

clinician is faced with the question of whether products help to prevent uterine perforation. 

of conception have been retained and if a uterine cu- 

rettage should be performed. Generally, physical find- REE RENE ES 

ings are used to make this judgment but the diagnostic l. Bergquist CA, Burkman R, Auenza M, King TM. The use 


of ultrasonography for elective abortion. in: Saunders R, 


accuracy of such clinical signs as uterine tenderness or James R, eds. Principles and practice of ultrasonography 


cervical dilation in the prediction of retained products in obstetrics and gynecology. 2nd ed. New York: Appleton- 
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is uncertain. The accuracy of ultrasound in the diag- , Century-Crofts, 1980, 
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ver the past decade, obstetric forceps delivery rates 
felli in the United States. In 1968, in New York, New 
- York, 29.7% of births were forceps-assisted, whereas, 
< in;1978, only 12.2% of babies were delivered by these 
operations.’ This trend was not seen in Western Eu- 
- ropean countries, where the frequency of forceps de- 
livery steadily increased over this period.' 
<- What are the reasons for this divergence of United 
States and European obstetric forceps practice? One 
explanation was the increasingly popular view, in the 
‘United States, that healthier babies would be born if 
fewer. forceps and more cesarean deliveries were per- 
: ‘ormed. Indeed, cesarean birth rates rose in America 
rom 5.5% in 1970 to 15.2% in 1978 and reached 25% 
i 1 some hospitals.” Cesarean section became the tenth 
most common operation in the United States and con- 
ern over such changes stimulated a Task Force En- 
y into Cesarean Childbirth sponsored by the Na- 
ional Institute of Child Health and Human De- 
opment.! ! 
One basis for the decreased forceps rate, addressed 
the Task Force report on cesarean childbirth, was 
ow priority ; and emphasis given to forceps delivery 
n some obstetric training programs. t Another contrib- 
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ooo ve Ot Ob oe forceps training in North Ameri 


) avid L. Healy, M.D., Ph.D., and Leonard E. Laufe, M.D. 


50% A States programs; all Ii Canadian dae reported the staff ee as the Reba 
educator in 1 obstetric residency forceps training. (Am J Opstet GYNECOL 1985;151:54-8.) 





April, 1983, a questionnaire was sent to all 144 United States and Canadian members of the Association 

Professors of Gynecology and Obstetrics to survey residency training and current use of obstetric 

forceps in. 1981, One hundred five programs (73%), responsible for at least 283,000 births in 1981, were 
seta enelized All training programs used outlet forceps and all programs but one used D 


tey words: Obstetric forceps use, obstetric forceps training, cesarean section rates 


uting factor examined by the Task Force was the di- 
minishing opportunity for trainee obstetricans to de- 
velop skills and knowledge in the surgical techniques 
of midforceps delivery. 

We could find little current information in the lit- 
erature about forceps training in obstetrics programs. 
Accordingly, the aim of this study was to determine 
contemporary practices and attitudes toward obstetric 


forceps training in North America. University teaching 


departments of obstetrics were surveyed for the year 
1981. D 


Material and methods 


Questionnaire. All 144 chairman members of the 0 47 
Association of Professors of Gynecology and Obstetrics 
were sent a questionnaire, together with a reply-paid — 


envelope (Fig. 1). The questionnaire comprised nine 
questions concerning the obstetric training program in 
each hospital in 1981 and used a multiple-choice 
format. | | 
One hundred eight chairmen or their obstetric train- 


ing program supervisors replied, for a response rateof | 
75%. Three respondents currently had no obstetric ~ 


residency training program and were, therefore, €x- 
cluded from analysis. One hundred five replied from — 
the United States (73%) and nine of a possible i 5 from 
Canada. These reponi constitute the data base. S 

Statistics. The x’ test without a priori hypothesis was: oo 
used to examine frequencies of replies. in the variou Ee 





groups. For 2 x 2 table analysis, the Yates continuous a 


correction factor was s applied. 
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QUESTIONNAIRE: OBSTETRIC FORCEPS 1981 
Where it applies, please mark the SINGLE most appropriate box to answer each question. 
1. How many deliveries occurred in the obstetric resident training sections of your hospital(s) in 












































1981? 

<1000 ; 1000-3000 ; 3000-5000 ; 5000-7000 pe O00 eo 
2. What was the cesarean birth rate for these deliveries? 

<5% >; 5%-10% ; 10%-15% 5 15%-20% ; > 20% 
3. What percentage of deliveries in 1981 were by obstetric outlet forceps? 

<5% - 5%-10% - 10%-15% : 15%-20% ; >20% 
4. What percentage of deliveries in 198] were by midforceps? ji 


0% > <1% ; 1%-4% 











> 4%-8% 


; >8% 








5. Which instruments are most commonly used by your obstetric residents for: 


a. Outlet forceps delivery? 
b. Occipitoanterior midforceps delivery? 
c. Rotational midforceps delivery? 


6. In your program, who predominantly instructs obstetric residents in delivery room forceps 


technique? 


Staff obstetrician - Senior resident 








- No one 





7. Does your program have an obstetric forceps mannequin course for obstetric residents? 


Yes No 








8. How important do you believe outlet forceps are to contemporary obstetric care? 





Not at all important 





; Slightly important 





; Important ; Very important —_ 


9. How important do you believe midforceps are to contemporary obstetric care? 


Not at all important 





; Slightly important 





; Important ; Very important —_ 





10, Do you wish a copy of the results of this questionnaire? 


Yes No 
1]. Any comments or suggestions: 








Fig. 1. Questionnaire to survey resident training in obstetric forceps. 
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Fig. 2. Histogram of the number of deliveries in North Amer- 
ican obstetric residency training programs. 


Results 


Figs. 2 to 5 show the number of deliveries, cesarean 
birth rates, outlet forceps use rates, and midforceps use 
rates in residency programs in North America in 1981. 
At least 283,000 babies were delivered in these resident 
teaching hospitals in that year. Fifty-three percent of 
residency programs performed fewer than 3000 deliv- 
eries per year, while 9% delivered less than 1000 women 
that year. Conversely, 24% of respondents had more 
than 5000 births and 9% supervised more than 7000 
deliveries in 1981 (Fig. 2). Cesarean birth rates were 
above 15% in 65% of obstetric residency programs and 
in excess of 20% in 13% of respondents’ hospitals 
(Fig. 3). 
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Fig. 3. Histogram of the cesarean birth rates in North Amer- 
ican obstetric residency training programs. 


Frequency of forceps use. All hospitals reported us- 
ing outlet forceps in their residency programs. The 
frequency of use of outlet forceps followed a Gaussian 
distribution (Fig. 4), with 15% of programs performing 
this operation in fewer than 5% or in more than 20% 
of deliveries. 

All residency programs but one performed midfor- 
ceps operations (Fig. 5). Typically (total of 82%), 1% 
to 4% of births were from the midcavity. Midforceps 
operations were undertaken for more than 4% of de- 
liveries in 16% of programs, and three hospitals deliv- 
ered more than 8% of their patients by this operation. 
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Fig. 4. Outlet forceps delivery rates in North American ob- 
stetric residency training programs. 


Statistical analysis revealed that hospitals with high 
cesarean birth rates did not perform significantly fewer 
midforceps operations. Indeed, there was a trend 
(p < 0.10) for hospitals with higher cesarean birth rates 
to perform more, not fewer, midforceps deliveries. Pro- 
grams with high midforceps use rates (>4%) did not 
have statistically higher outlet forceps use rates. Fur- 
thermore, busy services (>5000 births) did not perform 
more outlet forceps, midforceps, or cesarean opera- 
tions than did less active programs. 

Attitude toward forceps use. Table I displays the 
attitude of directors of obstetric residency programs 
toward forceps operations in contemporary obstetric 
practice. Sixty-five percent of directors believed mid- 
forceps operations were important in contemporary 
obstetric practice. Programs whose directors believed 
outlet and midforceps operations “very important” to 
current obstetric practice did not perform more forceps 
deliveries than did programs with less enthusiastic di- 
rectors (p > 0.15). 

Forceps instruments used. Table II shows the for- 
ceps instrument most commonly used for the three 
major regional operations. Simpson’s forceps was the 
most-used instrument for both outlet and occipitoan- 
terior midcavity forceps deliveries (54% and 52%, re- 
spectively). Kielland’s forceps were used by 76% of in- 
stitutions for rotational midcavity deliveries. Eight per- 
cent of respondents used Simpson’s or Tucker-McLean 
forceps most frequently for midforceps rotation and 
delivery. 

Labor and delivery instructors. In 32 programs 


_ (30%), senior residents were the primary instructors of 


forceps technique in the delivery room. In 18 programs 
(17%), senior residents and staff obstetricians were co— 
dominant instructors in forceps training, while in 52 
replies (50%), staff obstetricians were the major teach- 
ers. Thirty-six percent of programs used a mannequin 
course to aid in forceps instruction for their obstetric 
residents. 
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Fig. 5. Midforceps delivery rates in North American obstetric 
residency training programs. 


Canadian and United States programs compared. 
The frequency of Canadian respondents (nine of 15; 
60%) was lower than that of United States programs 
(77%). Statistical comparisons between countries could 
not be reliably made. All Canadian programs which 
replied reported that a staff obstetrician was the major 
instructor of residents in forceps technique. This was 
different from United States practice, where a staff 
obstetrician was the dominant instructor in only 43% 
of programs. Only one Canadian respondent provided 
a mannequin course. Canadian practice and attitudes 
were otherwise similar to those of the total data base. 


Comment 


There are obvious criticisms to the questionnaire type 
of inquiry: Opinions expressed are only of those who 
reply; the answers are difficult to validate; and there is 
no room for discussion, although the questions in this 
survey (Fig: 1) were well defined. However, there is 
no other satisfactory way to survey current practices 
and attitudes toward resident training in the use of 
obstetric forceps. The high response rate (75%) indi- 
cates the interest of directors of obstetric training pro- 
grams in this study and their need for such information. 

A major finding from this study was that midforceps 
deliveries were performed in all but one of the 105 
obstetric training programs that responded (Fig. -5). 
This was surprising, given the view of several promi- 
nent.American obstetricians that midforceps delivery 
is no longer justified in modern obstetric practice be- 
cause of attendant increased perinatal morbidity and 
neurological disability.** Sull, the use of midforceps in 
contemporary obstetrics remains controversial. Several 
recent series have reported that, with advances in con- 
duction anesthesia, detection of fetal acidosis, and early 
cesarean section for true cephalopelvic disproportion, 
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Table I. Obstetric program directors’ attitudes toward use of forceps in contemporary obstetrics 


(results are percentages) 


Type of 









Outlet 2 
Midforceps 5 


Not Slightly 
important important 











Very 
Important important 
54 36 
47 18 





Table II. Type of forceps most commonly used in obstetric teaching programs (results are percentages) 


Occtpitoanterior 
Forceps* Outlet midcavity 


Simpson 54 
Tucker-McLean 20 
Luikart 1] 
DeLee 

Elliott 

Divergent 

Kielland 

Barton 

Multi plet 4 


AOON >» 


Type of operation 


Rotational midcavity 


52 8 
21 8 
10 l 
4 0 
2 0 
l 2 
7 76 
0 2 
33 a7 





*The remaining respondents either gave no response or voluntarily reported using vacuum extraction most often for outlet 
operations (one reply) and for occipitoanterior midcavity operations and rotational midcavity deliveries (10 replies). 


tRespondeni indicated two or more types of forceps per category were used. 


midforceps results are equivalent to the outcome of 
cesarean section.” ? Moreover, Chiswick? followed up a 
group of 101 babies born in 1979 by Kielland’s forceps 
delivery and found no perinatal morbidity and no 
handicap in any baby at 2 years of age. 

Several clinical tenets or questions about midforceps 
operations can be addressed by this study. Do hospitals 
with high cesarean birth rates perform fewer midfor- 
ceps deliveries? We found no statistical evidence of this 
(Figs. 3 and 5). Although cesarean section is a fashion- 
able alternative to performance of a midforceps vaginal 
operation, the decline in frequency of midforceps pro- 
cedures does not seem to be a primary reason for the 
recent large increase in the cesarean birth rate.’? 

Are hospitals with high midforceps use rates “forceps 
oriented” or “forceps dominated” and, if so, is this be- 
cause of a personal belief in forceps use on the part of 
the director of the obstetric training program? The 
answer appears to be no. Programs in which midforceps 
operations were performed frequently (>4%) did not 
also have significantly more outlet forceps operations. 
The attitude af the supervisor of the obstetric residency 
program toward the importance of forceps operations 
in modern obstetrics had no correlation with his pro- 
gram’s rates of forceps deliveries (Table 1). 

The mode of selection of the type of forceps most 
commonly used for midcavity and outlet forceps op- 
erations in obstetric training was of interest (Table II). 


There was no indication that design and function were 
relevant to the selection of the instrument used. It ap- 
peared, from the responses, that the choice of the pri- 
mary forceps used in most programs was by habit and 
past experience of the instructing personnel. 

The major difference in Canadian and United States 
obstetric training programs was that in all Canadian 
schools a staff obstetrician was the principal instructor 
of forceps technique in the delivery room. Only 50% 
of United States programs used staff obstetricians as 
the primary instructor; chief residents were the major 
teachers of obstetric forceps technique in up to 50% of 
United States residency programs. This finding is of 
concern, in view of the chief residents’ short experience 
in selecting cases appropriate for midforceps delivery. 
These results are in agreement with the view of the 
Task Force on Cesarean Childbirth concerning the low 
priority and emphasis given to forceps delivery in some 
obstetric training programs.' 

Replies to this survey establish that outlet and mid- 
forceps operations remain an integral part of North 
American obstetric residency training. Furthermore, 
outlet forceps and midforceps were still considered im- 
portant or very important in modern obstetric practice 
by 90% and 65% of obstetric residency program di- 
rectors, respectively. It is ironic that two major post- 
graduate obstetric texts devote fewer than 2% of their 
pages to forceps delivery.’ " 
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Initial instruction in the pelvic examination in the 


United States and Canada, 1983 
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Chicago, Ilinois 


initial instruction in the pelvic examination in the United States and Canada was reviewed by questionnaire. 


Seventy-two percent of the 116 responding medical schools taught this material in the second year, 
two-thirds with a specific course devoted to the subject. Ninety-three percent used “live models” or 
“teaching associates” in place of, or in addition to, traditional methods such as the examination of clinic 
patients. The use of teaching associates was uniformly rated as an extremely effective educational method. 
A continued trend toward use of an educational methodology that emphasizes communication as well as 
psychomotor skill instruction is identified. (AM J OssteT GYNECOL 1985;151:58-60.) 


Key words: Teaching associate, gynecologic teaching associate, pelvic examination, medical 


examination 


“Pelvic examination” has become a phrase for several 
aspects of women’s health evaluation, including the ob- 
stetric-gynecologic and sexual histories as well as the 
breast and pelvic examinations. Teaching the “pel- 
vic examination” to medical students has thus been 
difficult, because both psychomotor and communi- 
cation skills must be mastered." ’ Following Barrow’s 
work with stimulated patients,’ many medical educa- 
tors turned to variations on this method to teach the 
complex psychomotor and communication skills in- 
volved.** They found that the use of “live models,” 
women trained to allow multiple examinations, greatly 
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improved learning in both areas. When these women 
received special training in both the physical exami- 
nation and communication skills, they became the 
teachers, providing students with immediate feedback 
about both communication and psychomotor skills per- 
formance. Student learning was further facilitated. An 
additional benefit was that these women could be se- 
lected for normal anatomy as well as ease of exami- 
nation, giving students the opportunity to “learn the 
normal” before being asked to examine and interpret 
findings on actual patients who may be relatively unco- 
operative or have pathologic findings.''*”° 

The present study was designed in an attempt to 
determine how the pelvic examination is currently 
taught to medical students in the United States and 
Canada. A questionnaire was sent to all medical schools 
seeking this information. This report describes the re- 
sults of that survey. 
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Table I. Year of first instruction in pelvic 
examination (n = 116) | 


Year | No. of schools Ó| of schools % 


l 16 14 
2 83 72 
3 15 I5 
4 2 2 


Material and methods 


A nine-item questionnaire was designed with three 
categories of questions: in what year and by whom in- 
“struction was given; what emphasis was given to this 
educational component by the school; and how the fac- 
ulties rated the effectiveness of the materials and meth- 
ods they used. The questionnaire was sent to the deans 
in charge of curriculum of 143 medical schools in the 
United States and Canada with the request that it be 
forwarded to the course director for the program in 
which the initial instruction in the pelvic examination 
was given. } 

The first category of questions included items re- 
garding the place in the curriculum of the first instruc- 
tion, class size, hours alloted to the instructional com- 
ponent, and the departmental affiliations of the course 
directors and instructors. In the second category we 
asked whether there was a specific component of the 
curriculum dealing with student and patient feelings 
and attitudes about the pelvic examination (which if 
present is taken as evidence of a specific emphasis on 
communication skills) and whether there was a specific 
budget for the initial instruction in the pelvic exami- 
nation. The last category was addressed through a rat- 
ing scale listing twelve instructional materials and meth- 
ods: lectures, discussion sessions, audiovisual materials, 
texts, and the examination of artificial pelvic models 
such as “Ginny”, prostitutes, anesthesized patients, 
clinic patients, hospitalized patients, live paid pelvic 
models (who do not provide feedback to the student 
during an examination on themselves), and live paid 
teaching associates (who provide immediate feedback 
and instruction to the student during an examination 
on themselves). The rating scale constituted of five val- 
ues (ineffective, somewhat effective, effective, quite ef- 
fective, and extremely effective) and a category for “not 
applicable.” Respondents were instructed that evalua- 
tion should be made only of those materials or methods 
actually used. A final item asked about the basis on 
which the assessments were made (student feedback, 
test results, clinical performance, and faculty feedback). 


Results 


Eighty-one percent (116) of the 143 schools receiving 
questionnaires responded. In 82 schools (72%) initial 
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Table II. Hours devoted to initial instruction 
in pelvic examination (n = 112) 


Total No. of hours - No. of schools % 


l 10 9 
2 24 21 
3 33 29 
4 22 20 
5 4 4 
6 8 7 
7-15 8 7 
216 3 3 





Table III. Faculty affiliations of directors and 
instructors of courses providing initial 
instruction in pelvic examination 






Course director Instructor 





Department 
Obstetrics and 78 58 94 65 
gynecology _ 
Medicine 4] 30 18 12 
Surgery ] 0.7 2 l 
"Family practice 8 6 16 1] 
Pediatrics 0 0 3 2 
Psychiatry l 0.7 2 l 
Other 6 4 10 7 


L 


instruction in the pelvic examination occurred in the 
second year, the traditional time for the introductory 
physical diagnosis course, with the majority of the re- 
maining schools offering their courses in the first year 
or third year (Table I). Seventy-nine schools offered 2 
to 4 hours of instruction to a class averaging 120 stu- 
dents per year, the largest class being 250 students and 
the smallest 25 students (Table II). Seventy-eight (58%) 
of the 135 course directors identified were obstetrician- 
gynecologists, with the majority of the remaining 57 
course directors being internists. Of the 145 instructors 
identified, 94 were obstetrician-gynecologists, with fam- 
ily practitioners and internists making up the largest 
other groups (Table III). 

One hundred twelve schools responded to the ques- 
tion about a specific curriculum component of the ini- 
tial pelvic examination course dealing with student and 
patient feelings and attitudes, with 72 (64%) indicating 
that they had such a component. Sixty-two of the 114 
responding schools (54%) indicated they also had a spe- 
cific budget for the initial instruction in the pelvic ex- 
amination. i 

Eighty-one percent of schools use lectures and 84% 
audiovisual aids as part of their programs, generally 
rating them as “effective.” Sixty-eight percent of schools 
used discussion sessions and 63% books, with the for- 
mer tending to be rated as more effective than the 
latter. One fourth to one third of schools used anes- 
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Table IV. Materials and methods used in initial instruction in the pelvic examination (n = 116) 


Users 


tm fm |e fm De pm 
Lecturers 94 81 4 4 
Discussions 79 68 4 5 
Audiovisual 98 84 Z 2 
Books 73 63 6 8 
Pelvic models (“Ginny”) 60 52 8 13 
Prostitutes . © 3 2 66 
Anesthetized patients — 27 23 2 7 
Clinic patients 40 34 l 0 
Hospitalized patients a2 28 l 3 
Live models 18 16 l 6 
Teaching associates l 90 78 3 3 


thetized, clinic, or hospitalized patients, with three 
schools.still using prostitutes for examination. Users of 
these methods tended to rate them as at least effective 
(Table IV). 

_ Fifty-two percent of schools use artificial pelvic mod- 
els (e.g., “Ginny”) with a uniform distribution on the 
rater scale about the “effective” rating. One hundred 
eight (93%) of schools used either live models (18 
schools, or 16%) or teaching associates (90 schools, or 
77%). Both methods received high ratings, with the 
teaching associate method receiving the highest rater 
evaluation (82% choosing “extremely effective”). Other 
methods mentioned included’ female students exam- 
ining each other with no provision for male students 
in one school and students being given the optional 
opportunity to examine each other in another school, 
regardless of sex. In the latter school, about 25% of 
students elected to participate each year. The judg- 
. ments made in the rating were predominantly based 
on sttident feedback (95%), with test results, clinical 
performance, and faculty feedback used by 16%, 43%, 
and 56% of respondents, respectively. 


Comment 


Initial instruction in the pelvic examination continues 
to be a part of the second year curriculum in most 
medical schools, a time traditionally devoted to initial 
instruction in physical diagnosis. Faculty participation 
by specialty predominantly involved obstetrics and gy- 
necology and internal medicine. The former is pre- 
. sumed to reflect the association of obstetrics and gy- 
necology with the pelvic examination and the latter the 
traditional involvement of internists in basic physical 
diagnosis courses. 


Rater scale of effectiveness of material or method used 


Somewhat Quite 
Ineffective effective E ae aie 


Extremely 


effective 


27 = 38 8 g 


10 37 38 34 35 15 15 
32 29 40 10 14 5 i 
2 15 25 16 27 5 8 
0 0 0 1 33 0 0 

0 7 26 7 26 1) 4] 
13 5 13 18 46 1] 28 
wr 5 16 16 50 8 25 
6 3 17 7 39 6 33 
0. 0 0 8 9 74 82 


There ‘is a continued trend towards the use of spe- 
cially trained women instructors for the initial instruc- 
tion in the pelvic examination. Effectiveness evaluation 
indicates a high degree of satisfaction with these “gy- 
necologic teaching associates” as instructors of both 
communication and psychomotor skills. The number 
of schools with specific budgets for these courses dem- 
onstrates the importance placed on these aspects of 
medical education in women’s health. 
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Antepartum fetal heart rate testing 


XII. The effect of manual manipulation of the fetus on the 


nonstress test 


Maurice L. Druzin, M.D., José Gratacos, M.D., Richard H. Paul, M.D., 
Paula Broussard, R.N., Dorothy McCart, R.N., and Marci Smith, R.N. 


Los Angeles, California 


A prospective study of 790 patients was performed in order to examine the role of manual manipulation of 
the fetus in the nonstress test. The patients were assigned randomly to two groups based on the last 

two digits of their hospital number. The odd-numbered patients underwent manual manipulation of the fetus 
prior to the onset of the nonstress test; the even-numbered patients did not. There was no significant 
difference between the two groups with respect to the indications for testing and the total number of tests. 
There was no statistically significant difference between the two groups with respect to the ratio of 
reactive to nonreactive nonstress tests and the mean duration of testing. Simple manual manipulation of 
the fetus does not seem to change the outcome in antepartum fetal heart rate testing when the nonstress 


test is the primary one. (AMJ OssTeT GYNECOL 1985;151:61-4.) 


Key words: Fetal manual manipulation, nonstress test 


The use of antepartum fetal heart rate testing in the 
form of the nonstress test (NST) and contraction stress 
test (CST), singly or in combination, has become an 
integral part of modern obstetric practice. 

The role of various methods of stimulation to change 
fetal state has been studied extensively. Sound, glucose, 
and simple manual palpation have been used in an 
attempt to change the “rest-activity” state of the fetus. 
This is done in an attempt to distinguish the truly com- 
promised fetus that is inactive because of possible cen- 
tral nervous svstem hypoxemia from the fetus that is 
undergoing a physiologic rest period. Conflicting re- 
ports regarding the efficacy and clinical application of 
these various techniques abound in the literature." 
This study examines the role of simple manual manip- 
ulation of the fetus as a stimulus to increase fetal ac- 
tivity. 


Material and methods 

During the period of July 1, 1978, through June 30, 
1979, 1810 NSTs were performed on 790 patients. The 
indications for testing are listed in Table I. The protocol 
for testing has been described previously.’ Briefly, a re- 
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active NST was defined as two accelerations of the fetal 
heart rate (FHR) 215 bpm above the baseline FHR, 
lasting for 15 seconds, associated with fetal movement, 
in a 20-minute period. A nonreactive NST failed to 
meet these criteria in two consecutive 20-minute peri- 
ods. If a test was nonreactive after 20 minutes, manual 
manipulation of the fetus was performed for 60 sec- 
onds. This was done by grasping both poles of the fetus 
and moving the fetus back and forth in a rocking mo- . 
tion. The following 4 minutes of FHR tracing were 
disregarded and a further 20-minute segment of FHR 
tracing was recorded. After 40 minutes, the test was 
classified as reactive or nonreactive. If the test was non- 
reactive, it was repeated on the same day or a CST was 
performed. Reactivity occurring during a CST was in- 
terpreted as a “reactive NST with Pitocin,” and the oxy- 
tocin infusion was discontinued. 

Patients with hospital numbers ending with an odd 
number underwent manual manipulation of the fetus 
for 60 seconds prior to the beginning of the first 20- 
minute NST segment. Patients in this group with a 
reactive NST at the end of 20 minutes were designated 
as group A/stim. 1. Patients with nonreactive tests after 
20 minutes underwent manual manipulation of the fe- 
tus as previously described. This manipulation was des- 
ignated as stim. 2, and these patients were referred to 
as group A/stim. | and 2 (Fig. 1). 

Patients with hospital numbers ending with an even 
number did not undergo manual manipulation of the 
fetus prior to the initial 20-minute segment. Those pa- 
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GROUP A 


(odd #) 20 min 
STIM 1 & EN / 
STIM 2 NST 
20 min. : 
NO STIM / / = , R NST 
NST 
GROUP B ; 
2 ‘ 
{even #) Tan 
NO STIM & / > / = 
STIM 2 NST. 
20 min. 
AFTER 40 MIN. OF NR NST > OR . 


NR NST 
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R -NST 


ee (imin | Cae 
4 min. | NST 


interval 20 min. 





4min. . NST 


interval 20 min. 


1). REPEAT NST SAME DAY 


2). CONTRACTION STRESS TEST 


Fig. 1. Definition of test groups. MMF = Manual manipulation of fetus. 





356/888 40 738/1810 4] 
36/888 4 74/1810 4 
144/888 1624 291/1810 iolzan 
35/888 4 81/1810 4 
117/888 13 239/1810 . 13 
70/888 8 186/1810 1 
130/888 15 - 201/1810 1 
888/1810 49 


Suspected postdates 382/922 4] 
Diabetes mellitus 
Class A 38/922 4 
Class B 147/922 625% . 
Classes G through R 46/922 5 
Suspected intrauterine 122/922 13 
growth retardation 
Hypertensive disorders 116/922 13 
Miscellaneous 71/922. 8 
Total 922/1810 5] 
*p = NS (x’). 


tients with reactive tests at the end of the first 20 min- 
utes were designated as group B/no stim. Patients with 
nonreactive tests after 20 minutes underwent manual 


manipulation of the fetus and were designated as group ` 


B/no stim. and stim. 2 (Fig. 1). 
A reactive NST was classified as normal and a non- 


reactive NST as abnormal. Further subgroups were | 


created depending on the outcome of the CST in the 
nonreactive NST cases. Following initial classification 
of the tests by the authors who are nursing personnel, 


P. B., D. McC., and M. S., the tests were interpreted by 


two of the authors, M. L. D., and J. G. 

Indications for testing were essentially similar in 
group A and group B (Table 1). The majority of tests 
were done because of suspected postdates pregnancy 
(40% to 41%), followed by diabetes (24% to 25%) and 
suspected intrauterine growth retardation (13%). 


Testing was performed at gestational ages ranging ` 


from <30 weeks to >42 weeks. The number of tests 
performed at each gestational age is listed in Table II. 


Results 


Of the 1810 NSTs performed, 1633 (90%) were re- 
active and 177 (10%) were nonreactive. Results were 
analyzed in terms of groups A and B, and special at- 
tention was given to group A/stim. 1 and 2 and group 
B/no stim. and stim. 2. 

In group A, 400 patients (51% of all patients tested) 
underwent 922 NSTs; 822 tests (89%) were classified 
as normal and 100 tests (11%) as abnormal. In group 
B, 390 patients (49% of all patients tested) underwent 
888 NSTs; 811 tests (91%) were reactive and 77 (9%) 
were nonreactive. Thus there was no statistically sig- 


‘nificant difference in the reactive NST:nonreactive 


NST ratio between the two groups. 
In group A/stim. 1, the mean duration of testing was 
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GROUP A/STIM 1 Feel / RR | ¥ 26.44 min. 
1 min. NST - 3 
. p ns* 
GROUP. B/NO STIM /__ R / 25.31 min. 
l NST 
GROUP A/STIM 1 & 2 WF J oO MR y js R / = 46.7 min. 
a E 4 min. NST n 
interval p ns 
GROUP B/NO STIM & / M / | a / R / = 46.8 ee A 
STIM 2 NST Lmin] 4 min. NST 


* t-test — 


Fig. 2. Mean duration of testing. MMF = 


- Table II. Test results by gestational age.and test group 






Reactive NST 
Gestational age 


(wk) 

<30 6 3 

30-32 26 23 88 ` 3 
32-34 95 88 93 7 
34-36 124 114 92 10 
. 36-38 132 122 92 "10 
38-40 115 101 88 14 
40-42 208 = 189 9] 19 

>42 -213 180 85 = 33 
Total* 919+ 820 89 > 99 

*p = NS (x’). 


interval 


Manual manipulation of fetus. 


Group B 


| Reactive NST | NS | Reactive NST | Nonreactive NST 


Nonreactive NST 
No. of 


| l 20 4 80 
12 90 19 95 ] 5 
7 ` 82 73 89 9 1l 
8 185 129 96 6 4 
8 ` 136 127 93 9 7 
12 0 14 114 92 10 8 
9 179 165 92 14 8 
15 201 179 89 29 11 
l. 8824 807 91 75 9 


tThree NSTs of unknown gestational age omitted: two reactive e NSTs, one nonreactive NST. 
Six NSTs of unknown gestational age omitted: four reactive NSTs, two nonreactive NSTs. 


26.44 minutes; 499 of 922 NSTs (54%) were reactive 
in the first 20-minute period of testing. In group A/ 
stim. 1 and 2, the mean duration of testing was 46.7 
minutes; 326 of 922 tests (35%) required manual ma- 
nipulation of the fetus after 20 minutes of nonreactive 
tracing and subsequently became reactive. The re- 


maining 97 NSTs (2%) had sufficient spontaneous uter- ` 


ine contractions to qualify for a CST and thus did not 
require stim. 2. l 

In group B/no stim., the mean duration of testing 
was 25.3] minutes; 526 of 888 NSTs (59%) were re- 


active in the first 20 minutes of testing. The mean time . 


for group B/no stim. and stim. 2 was 46.8 minutes; 347 
of 888 NSTs (39%) required manual manipulation of 
the fetus after 20 minutes of nonreactive tracing. The 


remaining 15 NSTs (2%) had a spontaneous CST and | 


‘did not require stim. 2. ; 
There was no statistically significant difference in the 
mean time for a test between group A/stim. 1 and 2 


and group B/no stim. and stim. 2 (46.7 versus 46.8 
minutes). In addition, the difference in the mean du- 
ration of testing between group A/stim. 1 and group 
B/no stim. was not statistically significant (26.44 versus 
25.31 minutes) (Fig. 2). 


Outcome 


There were two fetal deaths within 1 week of a re- 


- active NST. Both deaths ‘occurred in the suspected 


postdates group. In the first case, a reactive NST was 
obtained on September 11, 1979. A serum unconju- 
gated estriol analysis done on the same day was re- 
ported as 6.8 ng (normal, =12 ng/ml). A repeat estriol 
analysis on September 14, 1979, was 5 ng. Protocol 
required that antepartum fetal heart rate testing be 
performed on that day. However, the patient could not 
be reached for the following 3 days, and when she came 
in on September 17, 1979, the fetus had died. At de- 
livery the stillborn infant weighed 2850 gm and was 


TEN, 


64 Druzin et al. 


grossly normal with no nuchal cord. Cord léngth was 


_36cm. The placenta weighed 340 gm and had multiple- 


areas of fibrosis. 

In the second case of antepartum fetal death, the 
patient had a nonreactive NST followed by a negative 
CST on October 30, 1979. The serum unconjugated 
estriol level was 9.4 ng. On November 3, 1979, repeat 


- analysis of serum estriol was 7.9 ng, and a reactive NST 
was obtained. On November 5, 1979, the patient noted an 


absence of fetal movement, and on November 11, 1979, 


she returned with a documented fetal death. A grossly 
:- normal stillborn infant was delivered, with a weight-of 
3340 gm, meconium staining, and a loose nuchal cord. - 


The placenta weighed 570 gm and had ‘focal calcifi- 


cations; a small placental separation with organized clot 


that approximated 5% of the placental surface was 


noted. oo length was-56 cm. 


Comment . 
Various methods of stimulation of the fetus have 


‘been proposed to arouse the fetus from a so-called sleep 


cycle or rest-activity cycle. A change of maternal posi- 


tion or physical activity has not been reported to change. 


rates of fetal motion.’ 


A number of studies have reported an increase in 


fetal activity related to increased levels of maternal glu- 


cose following oral glucose ingestion.** However, re- . 


cent data have shown that fetal body motion is not 
increased following a recent meal*® or a standard oral 
glucose load.’ In addition, no relationship between ma- 
ternal blood glucose levels and the incidence of reac- 


. tive NSTs could be demonstrated.” The increase in- 


respiratory movement following a maternal glucose 
challenge may explain the seemingly contradictory 
data.”° 

An increase in fetal activity with associated increase 
in heart rate has been demonstrated following sound 


~ stimulation": ” and light stimulation.'* * These stimuli 

have not been used on a large scale, and their clinical 
~ applicability-awaits further investigation. | 
These maneuvers have all been used to decrease the 


time spent obtaining a normal NST. An added benefit 
supposedly has been a Jowering of the high false ab- 


~ normal rate in antepartum fetal heart rate testing. Our 
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data would suggest that simple manual manipulation 
of the fetus neither decreased the time required for 
performance of a NST nor changed the reactive 
NST:nonreactive NST ratio. 


We wish to acknowledge Audrey M. Waltner for as- 
sistance in the preparation of this manuscript. 
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k aah and chromosomes 


Irene A. Uchida, Ph. D., and Viola c. P, Freeman, B. Sc. ; 


H amilton, Ontario, Canadà 


in a total sample of 105 triploid penus abortions and live-borh aA stillborn infants, the parerita! 
origin could be determined in 77%. Dispermy was the most common cause of this abnormality. Among the 
digynic triploids 69% resulted from retention of the second polar body. Parental ages did not differ from 
those of the general population except for 40 aneuploid triploids with significantly elevated parental ages.. 
In five sibships, simple aneuploidy i in another pregnancy was observed, four of them being potentially 
Viable. Two sisters had triploid conceptions. ‘There were four twin pregnancies, a frequency of one.in 26. 
Only two triploids had an XYY sex chromosome complement, one of which was mosaic with loss of an 
autosome and the other was a chimera. A frequency of almost 50% of mothers exposed to preconception 
abdominal radiation is suggestive of an association between radiation and triploidy and PIS further 


investigation. (AM J OBSTET GYNECOL 1985;151:65-9.) 


Key-words: miisi sitonisaines spontaneous abortion, twins 


A relatively common form of chromosome abnor- 
mality. among humans is triploidy, the presence of:an 
extra complement of chromosomes. Most triploids. 


abort spontaneously in early pregnancy, and those that ` 


. proceed to a live birth do not survive the neonatal pe- 


riod. The results of a systematic cytogenetic SUSY of ` 


. triploids are ee here. 


Material and methods 


Most of this sample. of 105 triploids were (ound 
among a consecutive series of early spontaneous abor- 
tions collected over a 64-year period from 1977 to 
1984 by the obstetric staffs of three Hamilton hospitals. 
The remainder of the triploids are abortuses sent from 
regional hospitals and stillborn and live-born infants 


referred, because of. suspected chromosome abnor- . 


malities. 


In the Hamilton hospitals aborted specimens are | 


`- routinely collected into clean, dry air-tight containers 
and delivered with heparinized maternal blood sam- 
ples to the cytogenetics laboratory. Weekend specimens 
are refrigerated until delivery. After tissue from the 
fetus and/or extraembryonic membranes is taken for 
culturing, the remaining specimen is returned to the 


hospital of origin for pathologic assessment. Out-of- | 
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-| town specimens are treated in similar fashion and ` ` 
` transmitted as quickly as possible by bus. If desiccation 
- might be'a problem, the specimen is covered with 


water-dampened gauze. Peripheral blood samples are 


obtained from live-born infants. . 


Aborted tissues are first exposed to antibiotics for 30 
minutes, then rinsed, minced, and pipetted into several 
tissue culture dishes, large and. small, and fed with. 
fresh medium (a—minimal essential medium with 12% 


fetal calf serum). The cultures are grown in a carbon. 
dioxide incubator and harvested after a healthy growth 
of cells is evident; usually 2 to’4 weeks later. Fetal and 


placental tissues are cultured separately because of 
possible maternal contamination of the latter. 

When a chromosome abnormality is found. the par- 
ents are referred by their physicians for karyotyping. 
The nature of the chromosome defect is discussed with 


-the parents, and genetic counseling is provided. An- 


amnestic data are not made available to the technolo-: 
gists m order to avoid any bias in the interpretation of 
chromosome variants. 

Slides of chromosome preparations are stained with 
Atebrin for precise identification of any abnormalities, 
classification of inherited variants, and detection of 


.more than one cell line. The variants are classified in- 


dependently by at least two and usually three technol- 
ogists and decisions made regarding the parental con- 
tributions to the triploidy. If any doubts are expressed, 


the family is classified as noninformative. 


Results 
Total sample of triploids. During this period of the 


abortion survey, a som of 1201 specimens were suc- 
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` 28 33. 
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O sp ab not karyotyped 
MMI. MME maternal first or second meiolic error. 


NI non-informative 


Z 


» Di 47,417 Di dispermy 


Fig. 1. Diagrams of six families with recurtence of chromo- 
some abnormalities. All probands are triploids. Parental ages 
‘ given are those at birth of each proband. | 


-.cessfully cultured, of which 596 (50%) had abnormal 
karyotypes. Among the abnormal specimens were 93 
' (16%) triploids. In addition, five abortions from the 
regional hospitals and one stillborn and six live-born 
‘infants brought the total number of triploids to 105 
(Table I). Included among the abortions were 10 
aneuploid triploids: seven were hypertriploid and 
three were hypotriploid. Blood specimens were ob- 
tained from 104 mothers and 92 fathers, Seven non- 
cooperating familes, five single mothers, and one case 
each of artificial insemination and questionable pa- 
ternity accounted for 14 incomplete families. The 
. XXY:XXX:XYY sex ratio was 57:44:2. Two others 
were 68,XX. 

Parental source of the meiotic error. There were 81 
informative families. Dispermy accounted for 33 (63%) 
of the diandric triploids; variants for the remaining 19 


were consistent with fertilization by diploid sperm ' 


(Table II). However, dispermy could not be ruled out 


with certainty and is probably the main source of the ° 


: error even in these families. When paternal blood 


. samples are not available, only exclusion of maternal : 


= origin is possible. Thus, omitting five such families, the 
' ratio of paternal to maternal origin of the extra chro- 
= mosome complement was 47:29, or 62% diandry, 
under the assumption that crossing over has not oc- 


curred between the centromere and the informative 


fluorescent variant. 

Among the diandric triploids there were 19 speci- 
' mens that were described as partial moles ‘from gross 
examination. One other partial mole was the only one 


_- 
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Table I. Description of 105 families with 
triploid progeny 






Sex chromosome complement 


Q-band variants 


CACIA xx 
Informative families . 44 9 
Noninformative families 4 a 
Poor feta! Q-bands ge 8 5 ` 
. Maternal blood only* 6 [2] 1 [3] 


No parental blood - ee 
Total 57 44 | 2 2 


*Five cases (in brackets) are included among informative ’ 
families. 


_ with two maternal sets of chromosomes. In addition to 
the triploids,; there were two diploid classical moles. As 


in other reported series,” > * only paternal chromo- 
somes were present. All variants were homozygous, 
indicating that one haploid set of paternal chromo- 
somes had doubled and all maternal chromosomes _ 


‘were lost. These results are consistent with the sugges- 


tion that almost all moles, whether partial or complete, 


are diandric in origin.®, ` 


The digynic triploids were mainly due to retention of — 


‘the second polar body. Our frequency of 697% second 


meiotic error does not agree with the suggestion that 
retention of chromosomes during first division is the - 
usual mechanism contributing to triploidy.® Failure of 


chromosomes to separate during second meiotic divi- 


sion was clearly demonstrated by Brennan and Carr’ in 
all three of their maternally derived triploids. Since 
their sample was obtained. at an earlier date from ‘the 
same hospitals as was our series (their Case b is in- 


_ cluded here), it is possible that the high frequency of 


second meiotic error may be characteristic of this geo- 


_graphic.region. However, it would appear more likely 


that the differences are due to the small sample sizes of 
informative triploids as yet available. 

Parental ages. The mean ages for mothers (26.4 - 
years) and fathers (28.9 years) of the triploids do not 
differ from the mean ages for the Ontario population® 


: (Table HI). As with other series® 1% " the mean ma- 


ternal age was similar to that of karyotypically nor- 


` mal abortuses. The maternal age of digynic triploids 


showed a slight but insignificant increase over those of - 


‘diandric origin. 


There was a highly significant increase in parental 
ages of 10 triploids with superimposed aneuploidy 
(p < 0.0001). Seven were-hypertriploid and three 


-hypotriploid (Table IV). Similar increases in maternal 


ages have been reported in five cases’® !3 but not in 
four others. The greatly elevated parental ages must 
be related to the aneuploidy. Unfortunately we could 
not determine the parental origin of the extra chromo- 


a some in me eee Two cases of 68,XX arose 
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Table II. Parental origin of the extra haploid chromosome complement.in informative triploid families 


’ Maternal origin © 


Paternal origin 










| | First Second 
First . Second meiotic division ‘meiotic division 
Chromosome complement meiotic division meiotic division or dispermy or dispermy 
69,XXY* 6 4 17 10 0 
69,XXX* 3 ll 10 0 6 
69, XYY*(SA) 0 0 2 0 0 
Live-born or stillborn 0 I l 3t 0 
Aneuploid triploids 0 4t 3 0 0 
Total 9 20 33 13 6 





*Spontaneous abortion. 
tIncludes cases reported previously.” 


Table III. Mean parental ages of the triploids 


‘Total samples Mean maternal age Mean paterna: age 
= (t) (y7) (y7) 


Total 105 26.4 + 0.4 28.9 + 0.3 
Live-born and stillborn 7 25.0 + 1.4 27.1 + 2.0 
Aneuploid triploids 3 10 32.1 + 0.9 35.3 + 1.5 
Total without aneuploidy 95 25.7 + 0.4 28.1 + 0.6 
Informative digyny 29 28.1 + 0.4 30.1 + 1.4 
Informative diandry 52 26.0 = 0.8 29.1 + 0.6 
Spontaneous abortions with normal karyotypes 575 26.3 + 0.2 

Ontario population, 1980° 26.2 29.3 


from retention of the second polar body. Since the 
ovum and second: polar body have the same comple- 
ment of chromosomes, loss of one sex chromosome 
probably occurred in the sperm. 

Golbus” suggested that decreased ability to select 
against abnormal conceptuses in mice may be a func- 
tion of increasing maternal age. The same possibility 
was proposed for humans" to account for the greater 
increases in maternal age of live-born trisomies com- 
pared with spontaneous abortions even when the 
trisomies are paternally derived. Hook," however, 
found little evidence of relaxed selection with age. 
Triploids appear to provide a good test system because 
of the wide range of timing of fetal loss. Maternal ages 
did not differ between fetuses =12 weeks of age (25.6 
years) and >12 weeks, which were mainly missed abor- 
tions (26.2 years). Mothers of affected infants were the 
youngest in our series of triploids (Table IID. 

Twins. Twinning was confirmed by karyotyping in 
two cases consisting of only fragmented tissue. Com- 
parisons of Q-band variants ruled out maternal contam- 
Ination and mosaicism. Both were dizygotic, one in each 
set being triploid and the other a normal female. Two 
other triploid abortions were reported clinically as twin 
pregnancies even though the specimens received were 
singletons. One twin pair was diagnosed by ultra- 
sonography. Of the other pair, the first was lost at home 


before admission to hospital. The frequency of twinning 
in this series (1: 26) agrees with the frequency estimated 
in early spontaneous abortions.” 

Two other triploids had two cell lines. One was 
mosaic 68,XYY,-15/69,XYY with a frequency ratio of 
80: 20 respectively. The other with 46,XX and 69,XYY 
clones could be explained only as a chimera when 
twinning, mosaicism, and maternal contamination were 
all ruled out. | 

Pregnancy histories. All traceable families were con- 
tacted for follow-up studies. With the exclusion of the 
triploid progeny, there were 193 conceptions among 
which 45 (23%) were spontaneous abortions. Among 
108 pretriploid conceptions, 30 (28%) were spontane- 
ous abortions and 12 were therapeutic abortions. Eight 
mothers opted for genetic amniocentesis of subsequent 
pregnancies, all normal, and seven mothers requested 
tubal ligation. l 

Five mothers had another pregnancy with chromo- 
some aneuploidy (Fig. 1). In the. sibship with Down’s 
syndrome (Fig. 1, D), both abnormal conceptuses re- 
sulted from malsegregation of maternal chromosomes. 
Two triploids were the progeny of sisters (Fig. 1, E). In 
these six families there were two abnormal live births, 
and all abnormal abortions, except the one with 
trisomy 17, were potentially viable. In a series with two 
consecutive abortions karyotyped by Boué et al.,’® there 
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Table ds Triploids with superimposed aneuploidy 





_70,XXY,+8 

'10,XXY,+21 p 7 | 33 | $ 
70,XXY,-13,+3,+14 -© 34 320 ? 
70, XXX, +2 36 44 12. 
70,XXX,+2 28 30 29 
70,XXY, +16 ` 29 39) 20 
70,XXX,+18 o 30 32 18 
68,XX* 32 34 8 
68,XX =. 32 -83 10 . 
68,XXX,— 18 (twin 32 33 - 14 

46,XX) 
Mean ages 32.1 35.3 13.9 


*Referred from regional hospital in 1976. Reported’ as Case b. 


` > were eight triploids; in six of these the other abortus 


was an aneuploid. Warburton et al.” suggested that 
recurrence of triploidy may be higher than expected. 
These data along with the many aneuploid -triploids 
' described above suggest the presence of some common 
etiologic factor for numerical abnormalities and raise 
the question of prenatal diagnosis for subsequent 
pregnancies. 

Radiation histories. Among 94 mothers interviewed, 
46% gave a history of exposure to preconception ab- 
dominal x-ray examinations. This frequency was sig- 
nificantly higher than the 22% recorded among a 
random series of 217 women of comparable age. The 
diagnostic procedures consisted mainly of gastrointes- 
tinal series, intravenous pyelograms,. salpingograms, 
and lumbar spinal studies. The frequency of similar 
exposures, salpingograms excepted, among 89 fathers 
interviewed was 56%. Twenty-eight men reported 
lower back examinations. Many men in the Hamilton 
area are employed in heavy industries where back in- 
juries are a hazard and spinal x-ray examinations are 
often required for insurance purposes before employ- 
ment. An association between triploidy and radiation 
exposure has been reported by others.® #4 A more de- 
tailed analysis of this aspect will be reported. 


= Comment 

~ Among several reported series of spontaneous abor- 

tions, lack of agreement on a number of issues pertain- 
_ing to triploidy is probably due to the small sample sizes 


available for analysis. The fairly large series of triploids 


with known source of parental origin described here 
. may help to resolve some of the differences. It is 
agreed that parental age is not important; however, 
our series provides good evidence that when aneu- 
ploidy is superimposed on triploidy, maternal age is 


Maternal | Paternal. | Fetal age 
age (yr) age (yr) (wk) Type of specimen 


Intact sac with fetus 
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Parental origin 


Partial mole 


Paternal dispermy 
Intact sac with fetus 


_ Maternal second meiotic division; 
tetrasomy 21 noninformative 
Father not available; studies 
incomplete 
Maternal second meiotic division 
Paternal dispermy . 
Noninformative; tetrasomy 16 


Intact empty sac 


Fragmented tissue 
Partial mole 
Partial mole (missed 


abortion) . noninformative 
Partial mole (missed Noninformative 
abortion) 


Maternal second meiotic division 
Maternal second metotic division 
Paternal dispermy 


Ruptured sac 
Fragmented tissue 


significantly raised. All reports agree that the main 
source of the extra chromosome complement is di- 
spermy. Among triploids of maternal origin the timing 
of the meictic error is still controversial; in contrast to 
other reports, our series indicates that retention of the 
second polar body is not a negligible factor. Perhaps 
when larger series become available, first and second 
meiotic errors may be found to occur with equal fre- 
quency. Recurrence of triploidy has been recognized, 
but our data provide evidence of an increased fre- 
quency of aneuploidy in triploid sibships. The extent of 
that increase needs to be further defined in order to be 
of relevance to prenatal diagnosis. Exposure of the 
mother to preconception abdominal radiation appears 
to be of some significance in the etiology of triploidy. 


Addendum 


Since submission of this report, a second triploid was 
aborted by a mother included in the above series. Both 
triploids were 69,XXY. The maternal ages were 22 and 
23 years anc the paternal ages were 24 and 26 at the 
time of two abortions. 


We graiefully acknowledge the assirtance of the 
obstetric, nursing, pathology, and technical staffs of the 
Hamilton and regional hospitals in collecting and send- 
ing us the specimens used in this analysis. We are also 
indebted to many medical practitioners who referred 
the parents to us and many technologists who assisted 
in the chromosome analyses. 
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Breast aspiration biopsy with multihole needles for histologic 


and cytologic examination 


Helmuth Vorherr, M.D. 
Albuquerque, New Mexico 


Multihole needle biopsy has been performed on 166 patients. Commercially available 22-, 20-, 18-, and 
16-gauge hypodermic needles (40 to 75 mm in length) are prepared with three sharp-edged holes around 
the distal part of the needle, allowing aspiration of 3 to 6 mi or more of tissue, “or both histologic and 
cytologic examination. Of patients with carcinoma, fibrocystic disease, fibroadenoma, intraductal 
proliferation (papillomatosis), and duct ectasia, multihole needle cytologic examination is significantly more 
accurate (35% to 83%) than single-hole needle examination (11% to 67%). Multihole needle histologic 
examination, however, is far more accurate, with diagnostic success ranging from 75% to 94% for the 
disorders described above. The procedure has several uses. For patients with isolated fibrocystic areas, 
duct ectasia, or papillomatosis, multihole needle biopsy not only is diagnostic but may also be therapeutic 
by virtue of removal of abnormal tissue. by aspiration. Biopsies of areas of microcalcification can be 
obtained under x-ray control. In patients at high risk of breast cancer (carcinoma in mother and/or sister), - 
breast aspiration is performed when the slightest suspicion arises. In patients with unilateral breast cancer 


at high risk of bilateral carcinoma (premenopausal breast cancer, lobular carcinoma, tubular carcinoma, 
family history of breast cancer), random needle biopsy is performed in the con:ralateral breast for cancer 
detection. Furthermore, during follow-up of breast cancer patients, biopsies of locoregional changes or 
suspicious areas in the contralateral breast are obtained with the multihole needle for diagnostic 
evaluation. Thus multihole needle biopsy represents an improvement over the single-hole needle currently 
used, with enough tissue provided for adequate initial diagnosis and follow-up diagnostic evaluations in 
patients with benign and malignant breast disease. (AM J OBSTET GYNECOL 1985;151:70-6.) 


Key words: Multihole needle, breast aspiration, histology 


In recent years, needle aspiration biopsy has been 
used extensively for breast cancer screening; it is con- 
sidered the first invasive diagnostic step in suspected 
malignancy. Aspiration biopsy is credited with a 50% to 
90% accuracy for the cytologic diagnosis of breast 
cancer.1~? According to Hindle and Navin,* fine-needle 
aspiration biopsy has a 75% diagnostic accuracy when a 
breast tumor is palpable. | 

A disadvantage of the conventionally used single- 
hole fine needle (gauges 20 to 23) is the small amount 
(few drops) of material obtained for cytologic exami- 
nation. In addition to glandular-epithelial tissue (pre- 
menopausal women, 10% to 20%; postmenopausal 
women, 3% to 5%), the breast contains predominantly 
fat (50% to 70%) and connective tissue (30% to 40%).° 
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Therefore, it is often difficult to obtain epithelial cells 
for diagnostic evaluation. The rate of inconclusive as- 
pirates, that is, cell-free and unsatisfactory (cell-poor) 
smears, is 20% to 40%.* 4 

Although breast cysts and inflammatory processes 
can be diagnosed confidently by fine-needle aspiration 
biopsy, the detection of carcinomas containing rela- 
tively large areas of fibrous components is problematic. 
A scirrhous carcinoma may consist mainly of fibrotic 
tissue interspersed with cancer cells. Also, in patients 


with benign breast disease, aspiration of ductal-epithe- 


lial elements for diagnostic evaluation and treatment 
follow-up is difficult because of the predominance of 
fibrous tissue and fat. 

To improve the accuracy of diagnosis of benign, 
premalignant, and malignant breast neoplasia, mul- 


‘tihole biopsy needles were designed with the objectives: 


(1) to be able to aspirate sufficient amounts of tissue not 
only for cytologic evaluation but also for histologic 
examination, thereby reducing the need for surgical 
biopsy, and (2) to facilitate follow-up of medical treat- 
ment of patients with benign and malignant breast 
disease. H | 
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Fig. 1. Multihole biopsy needles. The 16-, 18-, 20-, and 22- 
gauge needles (40 to 75 mm in length) with three sharp-edged 
holes at their distal parts are depicted. 


Material and methods 


Sizes and preparation of multihole needles. Com- 
mercially available 22-, 20-, 18-, and 16-gauge hypo- 
dermic needles (40 to 75 mm in length) are prepared 
with three sharp-edged holes along the distal part (Fig. 
1). The three holes are staggered around the needle 
within 12 to 15 mm of its tip and are made by a grind- 
ing wheel 1.7 mm wide. Grinding with the edge of the 
wheel is performed perpendicular to the needle shaft. 
Under magnification, small pieces of ground metal are 
removed with a sharp knife from the edges of the nee- 
dle holes. The edges are made as sharp as possible. In 
22-, 20-, 18-, and 16-gauge needles, the respective di- 
ameters of prepared ovoid holes are: 0.4 by 1.8 mm, 
0.6 by 2.3 mm, 0.8 by 2.8 mm, and 1.1 by 3.8 mm. The 
holes are so distributed over the distal shaft of the 
needle that enough stability is maintained for insertion 
of the needle through the skin into breast tissues for 
aspiration. 

Indications and aspiration technique. Needle aspi- 
ration biopsy is indicated in patients with a breast mass 
(cyst), a lumplike structure, a hard, dense area, or any 
abnormal tissue area, as defined by clinical examina- 
tion, mammography, or sonography. In patients at ex- 
traordinarily high risk of breast cancer, needle aspira- 
tion is performed when the slightest suspicion arises. 
The technique of multihole needle aspiration is similar 
to that performed with a conventional single-hole 
needle. After skin disinfection with an antimicrobial 
agent such as chlorhexidine gluconate (Hibiclens) and 
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Fig. 2. Breast aspiration. The multihole needle attached to a 
30 ml disposable syringe is inserted into the mass and negative 
pressure is applied by pulling the plunger back. By means of 
the syringe the needle is moved back and forth in various 
directions and additional rotating movements are performed 
within the mass for aspiration of tissue. (From Vorherr H. 
Breast aspiration biopsy. AM J Osstet GynecoL 1984;148: 
128.) | 


local 1% lidocaine infiltration, the breast mass or sus- 
picious area to be sampled is fixed between thumb, 
index finger, and middle finger. After the needle (at- 
tached to a 30 ml disposable syringe) is inserted, ap- 
proximately 10 needle passages back and forth in vari- 
ous directions and additional rotating movements are 
performed under negative pressure within the mass or 
suspicious tissue area (Fig. 2). Thereby tissue sucked 
onto or into the needle holes is cut off by the sharp 
edges and can be aspirated. In patients with a small 
tumor or a mass of hard consistency, a 22- or 20-gauge 
multihole needle is used first, followed when possible 
by an 18-gauge needle inserted through the previous 
skin puncture. In patients with breast tissues consisting 
mainly of connective (fibrous) tissue and fat (fibrocystic 
disease, postmenopausal), suspicious areas are aspi- 
rated with an 18-gauge needle and, if more material is 
desired, with a 16-gauge needle. To prevent loss of 
aspirated tissues, the needle is removed under main- 
tained negative pressure. Afterward, the aspiration 
area is covered with a sterile 10 by 10 cm gauze sponge, 
and sustained pressure is applied by means of a 
5-pound bag for at least 20 minutes to minimize hema- 
toma formation. 

Usually 3 to 6 ml of material is aspirated. In patients 
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Fig. 3. Histologic diagnosis of breast cancer by multihole needle aspiration and surgical biopsy. A and 
B: Histologic features of a 29-year-old patient with invasive ductal carcinoma. A: Multihole needle 
aspiration; B: surgical biopsy. C and D: Histologic features of a 44-year-old patient with invasive 
ductal carcinoma. C: Multihole needle aspiration; D: surgical biopsy. (Original magnification ~400- 


fold.) 


Table I. Diagnostic accuracy of needle aspiration in 166 patients with benign and malignant breast disease 





Single-hole needle 
cytologic examination 
Diagnosis (%) 
Carcinoma (n = 15) 67 
Fibrocystic disease 31 
(n = 86) 
Fibroadenoma (n = 26) 58 
Intraductal proliferation 1] 
(papillomatosis) 
(n = 12) 
Duct ectasia (n = 27) 14 


with pronounced duct ectasia and secretory retention, 
=8 ml of yellowish material is obtained. The more solid 
particles of the aspirate are ejected on lens paper which 
is folded up into a bag and then immersed into forma- 
lin for histologic examination. The remaining more 
liquid material is squirted on a glass slide for cytologic 
evaluation. 

Evaluation of the aspirate. The aspirate usually con- 
tains erythrocytes, fat, connective tissue, and ductal- 
alveolar epithelium. The evaluation of the aspirate 


Mutltihole needle 


Histologic examination 


Cytologic examination 
(%) (%) 


73 93 
47 94 
83 92 
67 75 
a0 88 


considers epithelial elements, fibrous changes, fibro- 
blast activity, and inflammatory reactions. 

Malignant cells or cells suspected to be carcinoma are 
distinguished by nuclear pleomorphism, hyperchro- 
matism, loss of cohesiveness, and an increased rate of 
mitosis (Fig. 3). In patients with fibrocystic disease, 
cohesive ductal epithelium with round or oval small 
and slightly hyperchromatic nuclei and a scant rim of 
cytoplasm, often accompanied by apocrine metaplasia, 
are typical features. Intraductal or intracystic epithelial 
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Fig. 4. Diagnosis of benign breast disease by multihole needle aspiration. A: Fibrocystic breast disease 
in a 37-year-old patient showing ductal structures with relatively small epithelial cells and nuclei and 
some intraductal proliferation with slight nuclear atypia (left) and apocrine metaplasia (right). B: 
Intracystic proliferation and apocrine metaplasia (left) in a 44-year-old patient with fibrocystic breast 
disease. C: Estrogen-induced fibrocystic breast disease in a 56-year-old patient showing a microcyst 
and pericystic fibrosis. (Original magnification ~400-fold.) 


proliferation (typical or atypical) may be found (Fig. 4). 
Typical for fibroadenoma are numerous epithelial 
strands in a tubular-lobular arrangement. The nuclei 
of epithelium of fibroadenomas are enlarged (8 to 10 
jem in diameter), vary in size, and are moderately hy- 
perchromatic. Often apocrine metaplasia coexists and 
lactation-like areas may be observed (Fig. 5). The his- 
tologic features of aspirates of patients with intraductal 
proliferation (papillomatosis) show large polygonal 
cells with a clear rim of cytoplasm and large round or 
oval nuclei; the cytoplasm may be eosinophilic and in 
transition to apocrine metaplasia (Fig. 6). In patients 
with duct ectasia a hpidlike material is aspirated in 
larger quantities (6 to 10 ml); ductal epithelium is 
usually sparse. In patients with complicated duct 
ectasia periductal round cell infiltration is observed 


(Fig. 7). 


Results 


In Table I, the results of multihole needle aspiration 
biopsy in 166 patients are presented. In only one of the 
15 patients with cancer, aspiration histologic examina- 
tion failed to reveal malignant cells. Whenever epithe- 


lial elements are obtained, the diagnostic value (accu- 
racy) of aspiration histologic examination is equal to 
that of surgical biopsy (Fig. 3). In patients with ques- 
tionable axillary lymph nodes, multihole needle aspi- 
ration is also a successful diagnostic procedure (Fig. 8). 

Also, in women with benign breast disease, aspiration 
histologic evaluation is more accurate than cytologic 
examination (Table I). Even though multihole needle 
cytologic examination is superior to single-hole needle 
cytologic examination, multihole needle aspiration his- 
tologic evaluation is by far more accurate (Table D. 

In almost every patient, hematoma (sizes vary from 1 
by 2 cm to 4 by 5 cm in diameter) is observed at and 
around the aspiration site. In all patients hematomas 
resolved spontaneously within 2 to 4 weeks. Patients 
are instructed to leave the pressure dressing on for 24 
hours and in case of pain, swelling, and/or fever to call 
the physician. Continued bleeding or infection was not 
observed in any of the patients examined. 


Comment 
Aspiration histologic examination is preferable to cy- 
tologic examination because the diagnostic quality of 
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Fig. 5. Fibroadenoma diagnosed by multihole needle aspiration. 4:Fibroadenoma of a 21-year-old 
patient showing glandular structures within fibrous tissue. (Original magnification ~200-fold.) B: 
Larger original magnification (~400-fold) of A showing epithelial elements of fibroadenoma (en- 
larged nuclei, variation in nuclear size, hyperchromatism), fibrous components (upper right), and 
apocrine metaplasia (lower right). C: Same patient as in A and B showing epithelial strands of 
fibroadenoma with fibrous components (right). (Original magnification ~400-fold.) D: Fibroadenoma 
of a 25-year-old patient showing epithelial elements of fibroadenoma (enlarged nuclei, variation in 
nuclear size, hyperchromatism) and ductal morphologic features with lactation-like changes (left 
upper part) and apocrine metaplasia (left lower part). (Original magnification ~400-fold.) 


formalin-paraffin—processed and hematoxylin-eosin— 
stained tissues is superior. Whereas aspirated blood 
may interfere with cytologic evaluation of the smear, 
this is not the case with aspiration histologic examina- 
tion because homogeneous red-stained erythrocytes 
are contrasted by blue-stained epithelial cells (Figs. 3 to 
8). Also, with cell-poor smears uncertainty may arise 
because some cancer cells may appear benign or some 
benign ductal cells may be suggestive of malignancy. 
Multihole needle aspiration may spare the patient 
surgical biopsy. In the scheme of Fig. 9, the diagnosis 
and management of benign and malignant breast dis- 
ease are outlined. For patients with isolated fibrocystic 
areas, duct ectasia, or intraductal proliferation, mul- 
tihole needle aspiration can be therapeutic (Fig. 6). 
Multihole needle aspiration is also used in patients at 
extraordinarily high risk of breast cancer (carcinoma 
in mother and/or sister) without clinical or mammo- 


graphic suspicion of a lesion. In these patients, biopsies 
are obtained when the slightest suspicion arises. Also, 
in patients with unilateral breast cancer at high risk of 
bilateral carcinoma (premenopausal breast cancer, 
lobular carcinoma, tubular carcinoma, family history of 
breast cancer), we perform random multihole needle 
aspiration of the contralateral breast. During patient 
follow-up, biopsies of locoregional changes or suspi- 
cious areas in the contralateral breast are obtained with 
the multihole needle. Because needle aspiration leaves 
no scarring, future diagnostic examinations (clinical, 
mammography) are not impaired as is the case with 
scarring following surgical biopsy. 

The assistance of Dina Reid, R.N.. C.O.G.N.P., 
Coordinator of the University of New Mexico Hospital 
Breast Clinic, is herewith acknowledged. The prepara- 
tion of multihole needles by Raymond Klein, technical 
engineer, is appreciated. 
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6. Diagnosis of intraductal proliferation (papillomatosis) by multihole needle aspiration. A: 
Intraductal proliferation (papillomatosis) (original magnification ~200-fold) and apocrine metapla- 
sia (right upper corner) (original magnification ~400-fold) in a 37-year-old patient with fibrocysuc 
breast disease. B: Papillomatosis (aspiration histologic examination) in a 57-year-old patient with 
bloody nipple discharge. In this patient multihole needle aspiration was therapeutic. (Original mag- 
nification ~400-fold.) C: Aspiration cytologic examination of patient in B showing a large cluster of 


papilloma cells and erythrocytes. (Original magnification ~400-fold.) 








Fig. 7. Diagnosis of duct ectasia and periductal round cell infiltration by multihole needle aspiration. 
This 45-year-old patient had clinical symptoms of fibrocystic breast disease. A; Periductal round cell 


infiltration. B: Ductal structure with adjacent area of fibrosis and necrosis and apocrine metaplasia 
(left). (Original magnification ~400-fold.) 
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Fig. 8. Histologic diagnosis of axillary lymph node metastasis. A: Multihole needle aspiration of a 
clinically positive axillary node. B: Surgical excision of a clinically positive axillary node. (Original 


magnification ~400-fold.) 
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Fig. 9. Multihole needle aspiration for diagnosisand management of breast disease. In patients with 
isolated fibrocystic areas, intraductal proliferation (papillomatosis), microcalcification, and duct ec- 
tasia, multihole needle aspiration is diagnostic but can also be therapeutic because the abnormal 
tissue can be removed by aspiration: Fibroadenoma requires surgical excision. When the aspirate 
shows carcinoma, the patient is informed about the nature of the disease, and further diagnostic 
steps and treatment alternatives are discussed. 
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< IN BRIEF: 
: .. indications and Usage—LO/OVRAL® is indicated for the prevention of pregnancy in women who elect to 
-Use Oral Contraceptives (OC's) as a method of cantraception. 
Contraindications—OC's should not be used in women with any of the following conditions. 
1. Thrombophlebitis or thromboembolic disorders. 
2. A past history of deep-vein thrombophlebitis or thramboembolic disorders. 
3. Cerebrai-vascular or coronary-artery disease. 
4, Known or suspected carcinoma of the breast, 
5. Known or suspected estrogen-dependent neoplasia. 
6. Undiagnosed abnormal genital bleeding. 
7. Known or suspected pregnancy (see Warning No. 5}. 
8. Benign or malignant liver tumor which developed during use of OCs of other estrogen-containing 
E products. 
-Warnings 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive 
use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite 
marked in women over 35 years of age. Women who use oral contraceptives should be strongly advised 
not to smoke. 

The use of oral contraceptives is associated with increased rsk of several serious conditions, including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. 
oe prescribing oral contraceptives should be famibar wath the following information relating to 
hese nsks. 








L Thromboembalic Disorders and Other Vascular Problems... An increased nsk of thromboembolic and 
_ thrombotic disease associated with use of OC's is well established. Three prncipal studies in Great Britain 
and 3 in the US. have demonstrated increased nsk of fatal and nonfatal venous thromboembolism and 


Stroke, both hemorrhagic and thrombatic, These studies estimate that users of OC's are 4 fo 1] umes more 


likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS-.In a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the rak of hemorrhagic stroke was 2.0 
“> times greater m users than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users 
| ffan in nonusers. 
: 7 MYOCARDIAL INFARCTION (Mh -An increased risk of MI associated with use of OC's has been reported, 
| confirming a previously suspected association. These studies, conducted in the UK, found. as expected, 
o that the greater the number of underiying nsk factors for coronary artery disease (cigarette smoking, 
“hypertension. hypercholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk 
of developing Mi, regardiess of whether the patient was an OC user or not. OC's, however, were found to be 
' a Clear additonal ngk factor. in terms of relative risk, it has been estimated that OC users who do nat smoke 
. . smoking is considered a major predisposing condition to MH are about twice as likely to have a fatal Mi as 
nonusers who da not smoke. OC users who are also smokers have about a 5-fold increased nsk of fatal MI 
compared to users who do nat smoke, but about a 10- to 12-fold increased risk compared to nonusers who 
do not smoke. Furthermore, amount of smoking is also an important factor. in determining importance of 
_, these relative risks, however, baseline rates for various age groups must be given sencus consideration. 
_ importance of other predisposing conditions mentioned above in deterrruning relative and absolute risks 
~~ has not as yet been quantified; quite likely the same synergistic action exists. but perhaps to a lesser extent. 
RISK OF DOSE -in an analysis of data derived from several national adverse-reaction reporting systems, 
British investigators conciuded that nok of thromboembolism, including coronary thrombosis. i$ directly 
_ related to dose of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated 
with higher nsk of thromboembolism than those containing 50-80 mcg. Their anaiysis did suggest, however, 
‘that quantity of estrogen may not be fhe sole factor involved. This finding has been confirmed in the US. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES-A large prospective study carried 
Out in the UK estimated the morality rate per 100,000 women per year from diseases of the circulatory 
system for users and nonusers of OC's according to age, smoking habits, and duration of use. Overall 
excess death rate annuaily from circulatory diseases for OC users was estimated to be 20 per 100,000 
lages 15-34--5/100,000, ages 39-44 ...33/100,000, ages 45-49- 140/100,000), risk being concentrated 
in older women, in those with long duration of use, and in cigarette smokers, It was not possible, however, 
o io examine interrelalbonships of age. smoking, and duration of use, nor to compare effects of continuous 
yS. intermittent use. Although the study showed a 10-foid increase in death due to cuculatory diseases in 
users for 5 or more years, all these deaths occurred in women 35 or older Unti larger numbers of women 
under 35 with continuous use for 5 or more years are available, it is nat possible to assess magnitude of 
< felative sk for this younger group. Available data from a variety of sources have been analyzed to estimate 
isk of death associated with various methods of contraception. Estimates of nck of death for each method 
.. include combined nsk of contraceptive method eg, thromboembolic and thrombotic disease in the case 
») Of OC’'S) pius risk atinbulable to pregnancy or abortion in event of method failure, This latter risk vanes with 
> effectiveness of method. The study canciuded that mortality associated with aif methods of birth control is 
<i jow and below that associated with chidbirth, with the exception of OC's in women over 40 who smoke. 
=: Lowest mortality is associated with condom or diaphragm backed up by eariy abortion. Risk cf thramboem- 
0 bolic and thrombotic disease associated with OC's increases with age after about 30 and, for ME is further 
-increased by hypertension, hypercholesterciemua, obesity, ciabetes, or history of ore-eclamptic toxemia, 
and especially cigaretie smoking. Physician and patient should be alert to earliest manifestations of throm- 
|boemboiic and thrambobe disorders (e.g. thrombophlebitis, pulmonary embolism, cerebrovascular msu- 
o ficiency, coronary occlusion, retinal thrombosis, and mesenteric thrombosis), Should any of these occur or 
. . be suspected, the drug should be discentinued immediately. A 4- to 6-fold increased nsk of pastsurgery 
= thromboembonc complications has been reported in OC users. 
< H feasible, OC's shouid be discontinued at least 4 weeks before surgery of a type associated with increased 
tisk of thromboembolism or prolonged immobilization. 
” (PERSISTENCE OF RISK OF VASCULAR DISORDERS —-Findings from one study in Britain invelving cere- 
c -brovascular disease and another m the US. cage Ma Mi suggest an increased risk of these conditions 
oc Wi users of OC's persists after discontinuation of the OC's. In the British study, risk of cerebrovascular 
“y Gisease rernaimned elevated in former OC users for at least 6 years after discontinuation. In the U.S. study, 
increased risk of MI persisted for al least 9 years in women 40 to 49 years old who had used OC's for 5- 





“oor more years, Findings in both stuches require confirmation since they are inconsistent with otber pub- 


~ dished information. 

"2. Ocular Lesions-~There have been reports of neuro-ocular lesions such as opte neuntis or retna 
T thrombosis associated with use of GC's. Discontinue OC's f there s unexplamed, sudden or gradual, partial 
or complete loss of vision, onset of proptasis or diplopia, papiledema, or retnal-vascular lesrans, and 
. institute appropuate diagnostic and therapeutic measures. 

3. Carcinoma Long-term conhouous administration of ether natural or synthetic estrogen in certain 
< animal species increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic 
 Progestogens, none currently contained in OC's, have beer noted to mcrease incidence af mammary 
. nodules, benign and malignant, in dogs. in humans, 3 case-control studies have reported an increased 
_ sk of endometnal carcinoma associated with prolonged use of exogenous estrogen in postmenopausal 
women, One publication reported an the first 21 cases submitted by physicians to a registry of cases of 
.. adenocarcinoma of the endometium in women under 40 on OC's. Of cases found in women without 
cs predisposing nsk factors (e.g irregular bleeding at the time OC's were first given, polycystic avanes}, nearly 
“all occurred in women who had used a sequential OC. These are no longer marketed. No evidence has 
‘been reported suggesting increased risk of andometnal cancer in users of Conventona!l combination or 
. progestogen-only OC's. Several studies have found no increase in breast cancer in women taking OC's or 
~ estrogens. One study, however, while also noting no overall increased nsk of breast cancer im women on 
~ OC's, found an excess nisk in subgroups of OC users with documented benign oreas! disease. Reduced 
_) OCcurrence of benen breast tumors in users of OC's has been well documented. in summary, there 15 at 
present no confirmed evidence from human studies of increased risk of cancer associated with OC's. Close 
z clinical surveillance of all wormen on OC's is, nevertheless, essential. in all cases cf undiagnosed persistent 
oF recurrent abnormal vaginal bleeding, appropnate diagnostic measures should be taken to rule out 
- Malignancy. Women with a strong family history of breast cancer or with breast nodules, fibrocystic disease, 
Of abnormal mammograms should be monitored with particular care if they elect to use OC's. 

4. Hepatic Tumors-Benign hepatic adenomas have been found to be associated with use of OC's. One 
- Study showed that OC's with high hormonal potency were associated with higher ask than lower potency 
OC's. Although benign. hepatic adenomas may tupture and may cause death through intra-abdominal 
- hemorrhage. This has been reported in short-term as well as long-term users. Two studies relate risk with 
duration of use of OC's, the risk being much greater after 4 or more years’ use. While hepatic adenoma is 
rare, it should be considered im women presenting abdominal pain and tenderness, abdominal mass or 
shock. A few cases of hepatocellular carcinoma have been reported in women on OC's. Relationship of 
* these drugs to this type of malignancy is not known. 
5. Use m or immediately Preceding Pregnancy, Birth Defects in Cfspring, and Malignancy in Female 
Offspring Use of female sex harmones.--both estrogenic and progestational agents.-during aariy preg- 
Nancy May seriously damage the offspring. It has been shown that females exposed in utero to drethyisht- 
bestrol, a nonsterowal estrogen, have increased risk of developing in later He a form of vaginal or cervical 
cancer ordinarily extremely rare. This risk has been estimated fo be of the order of Lin 1, EXPOSUIES OF 
_ tess. Although there is no evidence cow that OC's further enhance risk of developing this type of malignancy, 
such patients should be monitored with particular care if they elect fo use OC's. Furthermore, 30 fo 90% 
of such exposed women have been found to have epithelial changes of the vagina and cervix. Although 
these changes are histologically benign, itas nol known whether this condition is a precursor of vaginal 
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malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar 
data are not available with use of other estrogens, it cannot be presumed they would not induce similar 
changes. An increased risk of congenital anomaies, including heart defects and limb detects, has been 
reported with use of sex hormones, including OC's, in pregnancy. One case contro! study estimated a 4.7- 
fold increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OC's, hormonal 
withdrawal tests for pregnancy, or attempted treatment for threatened abortion). Some exposures involved 
only a few days. Data suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than 
1 in 1.000 lve births. in the past, female sex hormones have been used during pregnancy in an attempt to 
treat threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these 
indications. and there is no evidence from well-controlled studies that progestogens are effective. There is 
some evidence that tnploidy and possibly other types of polyploidy are increased among abortuses from 
women who become pregnant soon after ceasing OC's. Embryos with these anomalies are virtually always 
aborted spontaneously. Whether there is an overall increase in spontaneous abortion of pregnancies con- 
ceived soon after stopping OC's is unknown. It is recommended that, for any patient who has missed 2 
consecutive periods, pregnancy should be ruled out before continuing OC's. H the patient has not adhered 
to the prescribed schedule, the possibility of pregnancy should be considered at time of first missed period, 
and further use of OC's shouid be withheid until pregnancy has been ruled out. If pregnancy is confirmed, 
the patient should be apprised of the potential risks to the fetus. and advisability of continuation of the 
pregnancy should be discussed. it is aiso recommended that women who discontinue OC's with intent of 
becoming pregnant use an alternate form of contraception for a period of time before attempting to 
conceive. Many clinicians recommend 3 months, although no precise information is available on which to 
base this. The administration of progestogen-estrogen combinations to induce withdrawal bleeding should 
not be used as a test of pregnancy. 


6 Galidladder Disease -Studies report increased risk of surgically confirmed gallbladder disease in users 
of OC's and estrogens. In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 
years use. In one of the other studies, increased risk was apparent between 6 and 12 months’ use, 

? Carbohydrate and Lipid Metabolic Effecis— Decrease in glucose tolerance has been observed in a 
sigmubcant percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be 
carefully observed while on OC's. Increase in tngtycerides and total phospholipids has been observed in 
patients on OC's; clinical significance of this finding rernains to be defined. 

8. Elevated Blood Pressure.-Increase in blood pressure has been reported im patients on OC's. In some 
women, hypertension may occur within a few months of hegincung OC's. In the Ist year of use, prevalence 
of women with hypertension is low in users and may be no higher than that of a comparable group of 
nonusers. Prevalence in users increases, however, with longer exposure, and in the Sth year of use is 24a 
to 3 times the reported prevalence in the Ist year. Age is also strongly correlated with development of 
hypertension in OC users. Women who previously have had hypertension during pregnancy may be more 
likely to develop elevation of bioad pressure on OC's. Hypertension that develops as a result of taking OC's 
uSually returns to normal after discantinuing the drug. 

9. Headache-—Onset or exacerbation of migraine or development of headache af a new pattern which 1s 
recurrent, persisten, or severe, requires discontinuation of OC’s and evaluation of the cause. 

10. Bleeding irregutarities---Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for 
patients discontinuing OC's. in breakthrough bleeding, as in all cases of irregular vaginal bleeding, non- 
functional causes should be borne in mind. 

In undiagnosed persistent or recurrent abnormal bleeding fram the vagina, adeguate diagnostic measures 
are indicated to rule oul pregnancy or malignancy. If pathology has been excluded. time or change to 
another OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially 
useful in minimizing menstrual irregularity, should be done only df necessary, since this may increase risk 
of thromboembolic cisease. Women with past history of oligomenorrhea or secondary amenorrhea or young 
women without reguiar cycles may have a tendency to remain anovulatory or to become amenorrheic after 
discontinuing OC's. Women with these pre-existing problems should be advised of this possibility and 
encouraged to use other methods. Post-use anovulstion, possibly prolonged, may alsa accur in women 
without previous irregulanhes. 

1}. Ectopic Pregnancy Ectopic. as well as intrauterine pregnancy may occur m Contraceptive failures. 

12. Breast-feeding—-OC’s given in the postpartum period may interfere with lactation and decrease quantity 
and quailty of breast miik. Furthermore, a small fraction of the hormones in OC's has been identified in the 
mik of mothers an OC's. effects, tf any, on the breast-fed chig have not been determined. If feasible, defer 
OC's unti infant has been weaned. 

Precautions-..GENERAL-—-}. A complete medical and famuly mstory shouid be taken prior to initiation of 
OC's. Pretreatment and periodic physical examinations shouid include special reference to biood pressure, 
breasts, abdomen and pelvic organs, including Pap smear and relevant laboratory tests. 

AS a general rule OC's should not be prescnbed for longer than | year without another physica! examination, 
2. Under influence o estrogen-progestogen preparations. pre-existing uterine jeomyomala may increase 
In Size. 

3. Patients with history of psychic depression shouid be carefully observed and the drug discontinued if 
depression recurs to a Serious degree. Patients becoming significantly depressed while on OC's should 
stop OC's and use an alternate method to try to determine whether the symptom is drug-related. 

4. OC's may cause some degree of fluid retention. They should be prescribed with caution. and only with 
careful montoring, in patients with conditions which might be apgravated by fluid retention, such as 
corvulsive disorders, ‘Tigraine syndrome, asthma, or cardiac or renal insufficiency. 

5. Patents with a past history of jaundice during pregnancy have an increased nsk of recurrence while on 
OC's. if jaundice deverops, OC's shouid be discontinued. 

6. Steroid hormones nay be poorly metabolized in patients with impaired liver funcbon and should be 
administered with caution. 

7, OC users may have disturbances m normal tryptephan metabolism which may result in a relative 
pyridoxine deficiency. Clinical sigrificance ts undetermined. 

8. Serum folate levels may be depressed by OC's. Since the pregnan! woman is predisposed to development 
of folate deficiency and incidence of folate deficiency increases with increasing gestation, it is possible that 
if a woman becomes pregnant shortly after stopping OC's, she may have a greater chance of developing 
folate dehciency and complications attributed to this deficiency. 

9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 

10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-contain- 
ing OC's: a. increased sulfobromophthalein retention. D. Increased prothrombin and factors Vii, VIH, IX, 
and X, decreased antithrombin 3, increased norepinephrine-induced platelet aggregabiity. c increased 
thyroid-binding globulin (TBG) leading to increased cuculating totai-thyroid hormone, as measured by 
protein-bound iodine (PBI), T4 by column, or T4 by radionmmuncassay Free T3 resin uptake is decreased, 
reflecting the elevated TBG: free T4 concentration is unaltered. d. Decreased pregnanedioal excretion. 
e. Reduced response to metyrapone test, 

information for the Patient..See Patient Package Labeling. 

Drug interactions Reduced efficacy and increased incidence of breakthrough bleeding have been asso 
ciated with concomitant use of rifampin. A similar association has been suggested with barbiturates, 
phenylbutazone, phenytoin sodium, ampictlin and tetracycline. 

Carcinogenesis See Warnings on carcinogenic potential of OC's. 

Pregnancy ——Category X. See Contraindications, Warnings. 

Nursing Mothers -See Warnings. 

Adverse Reactions —Ar increased risk of these serious adverse reactions has been associated with use of 
OC's (see Warnings): thrombophiebitis, pulmonary embolism, coronary thrombosis. cerebral thrombosis, 
cerebral hemorrhage, hypertension, galibladder disease, berign hepatomas, congenital anomales. 

There 1s evidence of an association between the following conditions and use of OC's although additional 
confirmatory studies are needed: mesentere thrombosis, neuro-ocular lesions. eg, renal thrombosis and 
optic neuntis, 

The following adverse reactions have been reported in patients on OC's and are bekeved to be drug-related. 
Nausea and/or vomiting, usually the most common adverse feactions, occur #9 approximately 10 percent 
or less of patents dunn the first cycle. Other reactions, as a general rule, are seen much less frequently 
OF only occaswnally Gastrointestinal symptoms {such as abdominal cramps and bloating), breakthrough 
bleeding. spotting. change in menstrual flow: dysmenorrhea, amenorrhea durme and after treatment. 
temporary infertinfy after discontinuance of treatment; edema; chioasma or melasma which may persist; 
breas! changes, tenderness, enlargement, and secretion, change in wegght (increase or decrease). change 
in Cervical erosian and cervical secretion, possible diminution in lactation when given immediately postpar- 
tum, cholestahc jaundice, migraine, increase in size of uterine lelarmyomata: rash (allergic), mental depres- 
sion, reduced tolerance to carbohydrates: vaginal candichasis; Change in corneal curvature (sieepening), 
intolerance ta contact lenses. 

The following adverse reactions have been reported in users of OC's, and the association has been neither 
confirmed nor refuted. prernenstrual-hke syndrome, cataracts, changes in hbida, chorea, changes in appe- 
tite, cystitis-ike syndrome, headache, nervousness, dizziness, husulssm, loss of scaip nar, erythema mul- 
torme, eryinema nodosum, hemorrhagic eruption, vaginitis, porphyria. 

Acute Overdose —Senous ill effects have not been reported folowing acute ingestion of large doses of OC's 
by young children. Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
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TIMES MIRROR 


Handsomely bound in durable buckram with rich 
gold stamping, bound journal reference volumes are 
important to every successful practice. 


è gives quick and easy access to important journal 
articles 

e eliminates problems with missing issues or pages 

è makes your regular subscription a “working” copy 
to mark up, tear from, or file 

è offers an inexpensive and easy way to guarantee 
bound reference volumes — prices include shipping 


You Must Order Now! 

Bound volumes are made up from over-run copies 
of each journal issue. You never worry about send- 
ing out your personal copies. But over-run quanti- 
ties are limited. We need your order today! 

Bound volumes are only available to current sub- 
scribers and may not be ordered in place of a regu- 
lar journal subscription. Payment must accompany 
your order. 


Credit Card Orders In The U.S. Call FREE: 

1-800-325-4177, ext. 351 

(In Missouri, call collect: (314) 872-8370, ext. 351) 
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volumes of: 
O AMERICAN JOURNAL 
OF OBSTETRICS 


AND GYNECOLOGY ; 
Jan.-April, 1985 (Yol 151. No. 1-8) i 
May-Aug., 1985 (Val. 153, No. 1-8) 
Sept-Dec., 1985 (Vol. 153. No. 1-8) i 
Total 1985 Price, Three Volume Set i 
USA international 
$74.50 $95.05 i 
-AH orders must include payment. (Please print} i 
WAV eheek for aia is enclosed, i 
CE} VISA L MasterCard i 
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Clip and return coupon to: The C.V. Mosby | 
Company, Attn: Bound Volumes, 11830 — i | 
Westline Industrial Dr., St. Louis, MO 
63146. Outside the U.S, please pay by i 
check drawn ona U.S. bank in U.S. dollars ] 
or use credit card. i 
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MOSBY 
Medical Journals 


1 E i specialty publications bringing important 
medical literature to over 150,000 world-wide subscribers 
throughout the year. 

MOSBY journals provide information progressive physi- 
cians need to maintain a continuing-education program 
in their specialty areas. 

Check the listing below for the journal publications of 
special interest to you. 


AMERICAN HEART JOURNAL 

Monthly. Institutions: $81.00; Individuals: $46.00; 
Students, residents: $32.80. 

AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY 

Semimonthly. Institutions: $91.50; Individuals: $56.50; 
Students, residents: $39.60. 

CLINICAL PHARMACOLOGY AND THERAPEUTICS 
Monthly. Institutions: $93.00; Individuals: $58.00; 
Students, residents: $46.40. 

THE JOURNAL OF ALLERGY AND CLINICAL 
IMMUNOLOGY 

Monthly. Institutions: $75.00; Individuals: $40.00; 
Students, residents: $32.00. 

JOURNAL OF THE AMERICAN ACADEMY OF 
DERMATOLOGY 

Monthly. Institutions: $82.00; Individuals: $47.00; 
Students, residents: $24.00. 





THE JOURNAL OF HAND SURGERY 

Bimonthly. Institutions: $69.00; Individuals: $34.00; 
Students, residents: $25.00. 

THE JOURNAL OF LABORATORY AND 

CLINICAL MEDICINE 

Monthly. Institutions: $91.00; Individuals: $56.00; 
Students, residents: $38.40. 

THE JOURNAL OF PEDIATRICS 

Monthly. Institutions: $77.00; Individuals: $42.00; Stu- 
dents, residents: $30.00. 

THE JOURNAL OF THORACIC AND 
CARDIOVASCULAR SURGERY 

Monthly. Institutions: $98.00; Individuals: $63.00; 
Students, residents: $45.20. 

SURGERY 

Monthly. Institutions: $79.75; Individuals: $44.75; 
Students, residents: $31.60. 
OTOLARYNGOLOGY—HEAD AND NECK SURGERY 
Eight times each year. Institutions: $90.00; Individuals: 
$55.00; Students, residents (non-Academy members): 
$44.00; Residents (Academy members): $20.00. 
JOURNAL OF VASCULAR SURGERY 

Bi-monthly. Institutions: $80.00; Individuals: $45.00; 
Students, residents: $33.60. 


Subscription rates quoted are for USA only. International rates (surface and 
air-mail delivery) available upon request. All subscriptions are for one-year 
terms. Subscriptions may begin at any time 


A TRADITION OF PUBLISHING EXCELLENCE 


THE C. V. MOSBY COMPANY 
Journal Circulation Department 
11830 Westline Industrial Drive 
Saint Louis, Missouri 63146 
Telephone: 314/872-8370 


To order your subscription and 
for more information, contact: 
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King Fahad Hospital 


IN A CLASS 
BY TT SELF. 


The King Fahad Hospital, Saudi Arabian National Guard, is a 500-bed complex, 
offering a once in a lifetime opportunity to practice medicine in a world class 
institution. Located in Saudi Arabia’s capital city of Riyadh, you would be part ofa 
team of the best health care professionals from North America. This hospital, 
destined to become one of the Kingdom's foremost trauma centers, is managed 
by HCA MidEast Ltd. 


We are presently seeking a Chairman and Staff Physicians for current and 
forecast vacancies for all specialties and subspecialties of Ob/Gyn. (Locum 
tenens positions are also periodically available). 


The benefits of an international assignment are extensive. You and your family 
would be exposed to the unique culture and customs of the Middle East and at the 
same time, enjoy the rewards of exceptional salaries, bonus pay, tax advantages, 
travel opportunities, free housing, eight weeks of annual leave and vacation with 
airline tickets provided. 


To be considered for an assignment, you must be American or Canadian Board 
Certified or equivalent and have a minimum of three years’ post residency 
experience in an acute care setting. Preference will be given to those candidates 
with academic teaching appointments. For further details, please forward your 
unabridged C.V. in confidence to: 


HOSPITAL CORPORATION OF CANADA LIMITED, Dept. 729, Two Robert 
Speck Parkway, Suite 1410, Mississauga, Ontario, L4Z 1H8, Canada. 


“aabo gl pee wun vat ph SY! g a pd) paa RLI gaa pao LAS! a go Ju pll þe 


Hospital Corporation 
of Canada Limited 


Authorized Representative 
HCA International Ltd. 














ry EAT 6 WEEKS OVER 20 MILLION MEN & WOMEN SUFFER FROM .. . 


DRIONIC THERAPY FOR THE HYPERHIDROTIC 
e MODALITY 
Battery operated device uses no chemicals. Tap water wetted 
pads in contact with treatment areas allow for patient self- 
use. Four to ten treatments twenty minutes long, will inhibit 
excess sweat for six weeks. Minor retreatment every six weeks 
needed to sustain inhibition. 
» SAFETY & EFFICACY 
Repeated studies confirm safety and efficacy. Published 
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The psychological impact of false positive elevations of 


maternal serum a-fetoprotein 


Barbara K. Burton, M.D., Robert G. Dillard, M.D., and Elizabeth N. Clark, M.A. 


Winston-S alem, North Carolina 


The purpose of this study was to assess the psychological impact of maternal serum a-fetoprotein 
‘screening on pregnant women with false positive elevations of maternal serum a-fetoprotein and on their 
male partners. Subjects with maternal serum a-fetoprotein elevations and their partners exhibited 
significantly heightened anxiety as measured by the State-Trait Anxiety Inventory following notification of 
the elevation, and this anxiety persisted until normal results were obtained by further testing. Heightened 


anxiety was not alleviated by counseling prior to definitive testing. Once normal results were obtained, 
anxiety returned to control levels and heightenéd anxiety was not observed throughout the remainder of 
pregnancy. Maternal serum c-fetoprotein elevations had little effect on maternal attitudes toward 
pregnancy as m2asured by the Maternal Attitudes to Pregnancy Inventory. similarly, no differences 
were observed between subjects with normal and elevated maternal serum a-fetoprotein levels with 
regard to depression, marital discord, work attendance, or work productivity. (AM J OBSTET GYNECOL 


1985;151:77-82.) 


Key words: a-Fetoprotein screening, neural tube defects, anxiety, pregnancy 


Neural tube defects, including anencephaly and 
spina bifida, are among the most common and most 
severe congenital malformations. In the United States, 
they occur with a frequency of 1 to 2 per 1000 live 
births. The vast majority of fetal neural tube defects 
can be accurately diagnosed prenatally using the com- 
bination of ultrasonography and measurement of am- 
niotic fluid a-fetoprotein and, acetylcholinesterase.’ 
Prenatal diagnosis is commonly offered to couples 
known to be at increased risk by virtue of a positive 
family history. It is important to note in this regard, 
however, that over 90% of affected infants are born to 
women with no previous family history of similar de- 
fects. Therefore, prenatal diagnosis of the majority of 
neural tube defects could never be achieved by reliance 
on family history as the sole screening tool. 

In 1977 a 19-center collaborative study from the 
United Kingdom documented the effectiveness of ma- 
ternal serum a-fetoprotein screening in selecting preg- 
nant women from the population at large for whom 
prenatal diagnosis for neural tube defects was war- 
ranted.? Subsequently, several large studies in the 
United States have demonstrated the effectiveness and 
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feasibility of maternal serum a-fetoprotein screening in 
this country.4~® These developments have generated a 
great deal of debate regarding the advisability of in- 
cluding maternal serum a-fetoprotein screening in 
routine obstetrical care. Much of the concern of those 
opposed to widespread screening has centered on the 
potential adverse psychological impact of screening on 
the pregnant. woman.” è In particular, concern has 
been repeatedly expressed about the impact of so- 
called false positive maternal serum a-fetoprotein ele- 
vations. Since 3% to 7% of all pregnant women under- 
going screening will have at least one maternal serum 
a-fetoprotein elevation and only a small fraction of 
these will be associated with a fetal neural tube defect, it 
is critically important that this issue be addressed. 
The present study was designed to measure the psy- 
chological impact of false positive maternal serum 
a-fetoprotein elevations on the pregnant woman, her 
male partner, and the mother-infant pair. The data 
presented here relate to the psychological response of 
the woman and her partner; data relating to the 
mother-infant relationship are still being collected. 


Material and methods 


Prescreening assessments of anxiety and attitudes 
toward pregnancy. Subjects in this study were partici- 
pants in a screening program for neural tube defects in 
North Carolina. Details regarding this screening pro- 
gram have been previously published.* ° Between Oc- 
tober 15, 1981, and March 15, 1983, all women pre- 
senting for screening were asked to participate in the 
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Table I. Characteristics of study groups (female) 









a Control subjects 
No. of-subjects i 192 
White (%) . | 84 
Primigravid (%) 55 
Mean.age (yr) 28 
Planned pregnancies (%) 74 
. Hollingshead scale (% in each class) : 
I 17 
II 28 
III 29 
IV ZZ 
V: 4 
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Experimental groups 





Difference* 


70 42 52 — 
te 69 75 NS 
43 57 59, NS 
28 28 27 NS 
61 54 63 NS 
p<0.01 
5 13 1] 
18 21 13 
37 26 28 
37 26. 35 
3 13 13 


*Difference between experimental groups and control subjects as determined by x? analysis. 


baseline (pre-screening) phase of the study; 6084 of 
6404 patients (95%) agreed. The baseline assessment 
consisted of two questionnaires: the State-Trait Arixi- 
ety Inventory!® and the Maternal Attitude to Preg- 
nancy Instrument. The State-Trait Anxiety Inventory 
consists of a 20-item A-State scale, designed to assess 
the level of relatively transient situation-related (state) 
stress perceived in a particular situation, and a 20-item 
A-Trait scale, designed to measure the relatively stable 
long-term “resting level” of anxiety in the individual. 
The State-Trait Anxiety Inventory has beeri subjected 
to intensive validity and reliability testing and is suitable 
for repeated administrations. The Maternal Attitude to 
Pregnancy Instrument consists of 48 items with which 
the respondent must strongly agree, disagree, or 
strongly disagree. It is designed to assess attitudes to- 
ward pregnancy along several dimensions, including 
fearfulness, attitudes toward child, attitudes toward 
doctor, concern over child’s normalcy, and’ general 
well-being. It has not been as extensively evaluated as 
the State-Trait Anxiety Inventory with regard to its 
suitability for repeated administrations. The ques- 
tionnaires were completed before blood was drawn for 
maternal serum a-fetoprotein determination. Women 
who agreed to participate were given a packet to take 
home to their husbands or partners which contained a 
consent form, the State-Trait Anxiety Inventory, anda 
stamped, addressed envelope. Male participants were 
asked to complete and return the questionnaires within 
24 hours; 3237 (53%) were returned. 

Continuing assessments : 

Experimental groups. All women who had a maternal 
serum a-fetoprotein elevation on the initial sample 
were notified by telephone within 1 week and were 
asked to come in for a repeat assessment. All subjects 
who returned to have a second sample drawn and their 
husbands or partners were asked to participate in the 
continuing phase of the study; 179 of 205 women 


(87%) and 121 of their partners (59%) agreed. After 
the explanation of the study but before the blood was 
drawn, women were given, the A-State scale and Ma- 
ternal Attitude to Pregnancy Instrument. If present, 
men were given the A-State scale. Otherwise, it was sent 
home with the female partner. 

Seventy of the 179 participating experimental sub- 


jects had a normal maternal serum a-fetoprotein level 


on the second determination. These subjects constitute 
group |. They were notified of their normal results by 
telephone within 1 week and a home visit was con- 
ducted the following day to administer the A-State 
scale and Maternal Attitude to Pregnancy Instrument 
to the woman and the A-State scale to her male part- 
ner. A general information questionnaire providing 
demographic data was also completed at that time.* In 
order to equate the number of test administrations and 
intertest intervals across each group, two additional 
home visits were made to this group at weekly intervals, 
with the seme questionnaires being given each time. 
Therefore, including the baseline assessment, five mea- 
sures of state anxiety and attitudes toward pregnancy 
were obtained over approximately a 5-week period. 
Thereafter, similar assessments were conducted by 
mail at 26, 30, and 34 weeks’ gestation. At 37 to 38 
weeks a home visit was coriducted to administer the 


' usual questionnaires and an additional questionnaire 
relating to symptoms of depression, changes in the 


marital relationship, number of contacts with physi- 
cian, work attendance, and work productivity. The lat- 
ter questionnaire was developed specifically for this 
study.* Subjects were asked to call as soon as possible 
after delivery or to mark delivery date on a postcard 
provided to them and return it. Subjects not heard 
from 1 week after the due date were called weekly to 
determine when delivery occurred. 

Data on outcome of pregnancy were routinely ob- 
tained from hospital delivery récords. In addition, sub- 


Volume 151 
Number 1 


30 






False positive elevations of a-fetoprotein 79 














F 
i- 
re 
O 
H) 
> 
Ci aaua 
© 
x 
T 
< 
@ 
pur) 
hs] 
At 
N) 
S : Y 
D D T x 
= E E o rab) 

3 o 2z » a g È 
@ A 9E oy X Se x z < c 
= = DE Ta D Q D = = 
= — 5 Ta ES © Q ® pe = Cc 
oO _ o E 3 m 
cs v = O DHT o © xr m = = 
m - o as e| nar D m CA r a) 
1 2 3 4 § 6 7 8 9 10 11 12 


Assessment Number 


Fig. 1. STAI A-State scores in experimental and control subjects. O-O, Controls; @-@, group 1; 4-4, 
group 2; B-E, group 3; s, point at which the plotted value is significantly different from control; 


p < 0.01; p, after. 


jects were sent a questionnaire by mail relating to labor 
~ and delivery and complications occurring in mother 
and/or infant.* At 1 month of age, infants were seen 
for an evaluation. At this time, the A-State scale was 
again administered to both parents. When the infant 
reached 6 months of age, the A-State scale was sent to 
the parents by mail. 

All subjects with two sequential maternal serum 
a-fetoprotein elevations were notified by telephone of 
the second elevation and asked to come in for a coun- 
seling session. Prior to counseling, they were asked to 
complete the A-State scale and Maternal Attitude to 
Pregnancy Instrument. Following counseling but prior 
to ultrasonography (on the same or different days), the 
questionnaires were again administered. Forty-two sub- 
jects were found upon ultrasound examination to have 
a “benign” explanation for their maternal serum 
a-fetoprotein elevations (more advanced. gestational 
age or twins). These subjects constitute group 2. One 
day after notification of the findings of normalcy on 
ultrasound studies, a home visit was conducted to ad- 
minister the standard questionnaires and general in- 
formation questionnaire. Subsequent assessments were 
conducted as described for group 1. ; 

Fifty-two subjects were found by ultrasonography to 
have a single fetus of the predicted gestational age and 
chose to undergo amniocentesis to rule out a fetal 
neural tube defect. These subjects form group 3. The 
fifth administration of the A-State scale and Maternal 


*Copies of the questionnaire may be obtained from the 
author upon request. 


Attitude to Pregnancy Instrument in this group oc- 
curred after the amniocentesis was performed but be- 
fore the results were available. An extra assessment was 
done on this group by home visit 1 day after telephone 
notification of the normal amniotic fluid results. Sub- 
sequent assessments were as described for group 1. 
Four subjects were candidates for amniocentesis but 
refused the procedure. Therefore, they could not be 
reassured with regard to the absence of a neural tube 
defect in the fetus. These subjects formed group 4. A 
full sequence of assessments was conducted on them 
but the data will not be presentéd, since the numbers 
were too small for meaningful analysis. Seventeen sub- 


jects were found to have suffered a fetal death or to 


have a fetus with a neural tube defect. They were sub- 


. sequently excluded from the study. 


Control subjects. Each time an experimental subject 
was identified, a potential control subject was identified 
from among patients screened on the same date at the 
same site (health department or private hospital) who 
had a‘normal maternal serum a-fetoprotein level. An 
attempt was made to select a control subject matched to 
the experimental subject for race, age, and parity. If 
more than one matched subject was available, the con- 
trol subject was randomly selected from among them. 
If no matching subject could be identified, a non- 
matched control subject was selected. The potential 
contro] subjects were contacted by telephone, informed 
of their normal results, and asked to participate in the 
continuing phase of the project. When a subject re- 
fused, another potential control subject was called. In 
all, 262 potential control subjects were contacted to ob- 
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Assessment Number 


Fig. 2. STAI A-State scores in male partners of experimental and control subjects. O-O, Controls; 
®-@, group l; 4-4, group 2; E-m, group 3; s, point at which the plotted value is significantly 


different from control; p < 0.01; p, after. 


tain 192 participants (73%); 77% of male partners in 
the control group (148 subjects) agreed to participate. 
Four weekly home visits were conducted to adminis- 
ter questionnaires to control subjects, the first being 
scheduled | day after the telephone contact. Sub- 
sequent assessments were the same as described for 
experimental groups. | . 


Results 


Characteristics of: the control and experimental 


groups are described in Table I. Significant differences - 


were observed between groups only for socioeconomic 
status as determined by Hollingshead’s two-factor index 
of social position.” Control subjects tended to be better 
educated and larger numbers were professionals; there- 
fore, more control subjects than experimental subjects 
were found in the higher social classes (I and II}. 
State-Trait Anxiety Inventory A-trait and A-state 
scores and Maternal Attitude to Pregnancy Instrument 
scores were analyzed by multivariate analysis of vari- 
ance, controlling for race, social class, and planned ver- 
. sus unplanned pregnancy. Each experimental group 
was compared at each point in time to the control 
group. Prior to screening, there was no significant dif- 
ference in trait or state anxiety between groups of fe- 
male or male subjects. Similarly, there was no measur- 


_ able difference in attitudes toward pregnancy between ` 


experimental and control groups. . 

Results of sequential assessments of state anxiety in 
female subjects are illustrated in Fig. 1. A significant 
rise in anxiety was observed in all experimental subjects 
following notification of the first maternal serum @-feto- 
protein elevation. If the second maternal serum a-feto- 


protein level was normal, anxiety dropped sharply to a 
level not significantly different from the control level. 
Subjects who had two successive maternal serum a-feto- 
protein elevations maintained significantly elevated 
levels of anxiety which were not substantially altered by 
extensive counseling prior to further testing. In sub- 
jects found on ultrasound examination to have a be- 
nign explanation for the maternal serum a-fetoprotein 
elevation (twins or more advanced gestational age), 
anxiety returned promptly to the control level. Subjects 
who underwent amniocentesis exhibited some reduc- 
tion in anxiety following the procedure (which followed 
immediately after ultrasonography), but maintained a 
significantly elevated anxiety level as compared to con- 
trol subjects until notification of the normal amniotic 
fluid results. Once normal results were obtained, there 
was no evidence of any residual anxiety persisting or 
recurring throughout the remainder of the pregnancy ° 
or for up to 6 months after delivery in any experimental 
group. All groups exhibited a gradual rise in anxiety as 
the delivery date approached with a significant fall by 1I 


. month after delivery. 


- The course of anxiety in male subjects is illustrated in 
Fig. 2. A similar pattern of heightened anxiety was ob- 
served in male partners of experimental subjects dur- 
ing the testing process but again this was completely 
alleviated by ultimate notification of normal results. No 
residual increased anxiety was observed. 

The sequential assessments of maternal attitudes to- 
ward pregnancy are illustrated in Fig. 3. Although 
scores of experimental groups were generally lower 
than those of control subjects throughout pregnancy, a 
significant difference between experimental and con- 
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Fig. 3. MAPI scores in experimental and control subjects. O-O, Controls; @-@, group 1; A-A, groun 
2; @-M, group.3;s, point at which the plotted value is significantly different from control; p < 0.01; p, 


after. 


trol subjects was observed at only one point in time and 
for a single subgroup only. Subjects in group 2 exhibited 
a significantly lower Maternal Attitude to Preg- 
nancy Instrument score, reflecting a more negative 
attitude toward’ pregnancy, at the time of the fourth 
assessment (following counseling but prior to ultraso- 
nography). . 

No significant difference was found between ex- 
perimental and control subjects with regard.to symp- 
toms of depression, marital harmony, time lost from 
work, or work stoppage because of pregnancy. 


Comment 


The considerable data that have been generated by 
pilot studies of maternal serum a-fetoprotein screening 
in the United States indicate that this is an effective 
screening tool that can be successfully integrated into 
routine obstetric practice. That such screening is ben- 
eficial to those patients found to have a fetus with a 


neural tube defect seems clear. Questions remain re- > 


garding the impact of screening on the much larger 
group of patients who do not have a fetus with a neural 
tube defect or other detectable anomaly. The effect of 
screening on patient anxiety has been studied in Swe- 
den by Berne-Fromell et al.!3 who found lower levels of 
anxiety in mid and late pregnancy in women living in 
an area with a maternal serum a@-fetoprotein screening 
program as compared to women living in an area with- 
out access to screening. In addition, they found that 
women who accepted screening and had normal results 
and those who refused screening exhibited similar de- 
grees of anxiety in mid pregnancy whereas those who 
accepted screening and had initially abnormal results 


were less anxious.'? During the period of testing, how- 
ever, they demonstrated by interview severe emotional 
distress in those patients with abnormal serum a@-feto- 
protein results.’® Fearn et al.’® studied this issue in the 
United Kingdom by administering the State-Trait Anx- 
iety Inventory to patients with maternal serum 
a-fetoprotein elevations during the course of their 
follow-up assessments and again 2 to 3 weeks later. 
They found the patients notified of maternal serum 
a-fetoprotein elevations to be significantly more anx- 
ious than normal primigravid women tested several 
years earlier at their first prenatal visit. In addition, 
they found that patients who did not require am- 
niocentesis because a benign explanation was found for 
their maternal serum a-fetoprotein elevations were 
significantly more anxious than patients who had am- 
niocentesis with normal results 2 to 3 weeks after test- 
ing was completed. Unfortunately, there were no con- 
trol subjects studied simultaneously, and baseline 
data on anxiety prior to testing were not available for 
the patients with maternal serum a@-fetoprotein ele- 
vations. 

Our findings indicate that patients notified of mater- 
nal serum a-fetoprotein elevations experience sig- 
nificantly heightened anxiety that persists throughout 
the period of testing until normal results are ultimately 
obtained. The anxiety that accompanies two sequential 
elevations was not alleviated by extensive counseling 
prior to further testing. In our view, this is not at all 
surprising. Although a normal outcome still occurs in 
the majority of cases, the patient with a maternal serum 
a-fetoprotein elevation faces a substantially increased 
risk of having a fetus with a birth defect or suffering a 
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fetal loss. The fully informed patient is aware of these 
risks, and counseling alone cannot eliminate the feel- 
ings they engender. Although the data indicate that 
counseling has no immediate impact on anxiety, this 
does not diminish the need to include counseling in 
maternal serum a-fetoprotein screening programs. 
Counseling prior to further definitive testing may well 
be of benefit to the patient in understanding and cop- 
Ing with subsequent findings, whether normal or ab- 
normal. It is reassuring to note in our study that anxi- 
ety among patients with maternal serum a-fetoprotein 
elevations returned promptly to control levels follow- 
ing notification of normal test results and remained 
similar to control levels throughout the remainder of 
the pregnancy. Male partners of patients with maternal 
serum a-fetoprotein elevations were clearly affected by 
the experience in that they too exhibit significantly 
heightened anxiety during the period of follow-up 
testing. TE s , 
Our data suggest that there is little variation in ma- 
ternal attitudes toward pregnancy between 16 and 38 
weeks’ gestation and that attitudes are relatively unaf- 
fected by maternal serum a-fetoprotein elevations. A 
significantly more negative attitude was demonstrated 


in group 2 only, and this was observed only at a single 


point in time—after counseling and prior to ultra- 
sonography. It is difficult to imagine why a difference 
should be noted between groups-2 and 3 at this time, 
since the groups had a similar experience up to this 
point and were only later differentiated by the results 
of the ultrasound evaluation. Therefore, it would ap- 
pear that this could be a spurious observation. An al- 
ternative explanation for our findings with the Ma- 
ternal Attitude to Pregnancy Instrument is that this 
instrument may not be sensitive to temporal fluctua- 
tions in attitudes and therefore may not be well suited 
to repeated administrations. It has been used sequen- 
tially in at least one other study” but in that case, as in 
ours, few changes were observed over time. 

In summary, we conclude that maternal serum 
_a-fetoprotein screening has a significant. psychological 
impact on patients with maternal serum a-fetoprotein 
elevations by producing significantly heightened anxi- 
ety that persists throughout the sequence of follow-up 
testing. This occurs even in an optimal setting in which 
good communication and extensive counseling are 
provided. In this setting, however, there is no evidence 
that residual anxiety persists after testing is completed. 
We do not feel that the anxiety associated with mater- 
= nal serum a-fetoprotein screening is an argument for 
eliminating informed consent, nor do we feel that it 
negates the merits of such screening programs. We do 


feel, however, that it should not be ignored in weighing | 


the relative risks and benefits of such a program. Most 
importantly, it underscores the necessity to minimize 
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the time elapsed between patient’s initial maternal 
serum &-fetoprotein elevation and final diagnosis and 
to minimize the number of false positive results while 
still maintaining an acceptable detection rate for neural 
tube defects. 
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Myotonic muscular dystrophy associated with ritodrine 


only 


Jona S. Sholi, M.D., Michael John Hughey, M.D., and Richard A. Hirschmann, M. D. 


Evanston and Chicago, I Ilinois 


A patient thought to be normal was admitted with premature labor at 29+ weeks’ gestation. Treatment 
with the B-mimetic ritodrine hydrochloride appeared to provoke symptoms of myotonic muscular dystrophy. 
Neurological history and examination confirmed the presence of previously unsuspected myotonic 
dystrophy in the patient, her father, and paternal grandfather. Discontinuation of the drug led to improvement 
in myotonia symptoms but worsening premature labor. Magnesium sulfate did not provoke the same 
symptoms but was unsuccessful in controlling premature contractions. Long-term. management with bed 
rest, phenytoin, and isoxsuprine hydrochloride resulted in term delivery. Subsequently, maternal symptoms 
of myotonia disappeared. Congenital myotonia was suspected in the fetus because of the ultrasonic 
demonstration of polyhydramnios and reduced fetal movements. This was confirmed at delivery. The 
mechanism by which ritodrine unmasked the myotonia is unclear but may be related to changes in the cell 
membrane (chloride conductance, the sodium-potassium pump, or membrane polarization). (AM J OBSTET 


GYNECOL 1985;151:83-6.) 


Key words: Myotonic muscular dystrophy, ritodrine complications, preterm labor 


Myotonic muscular dystrophy is a multisystem dis- 
ease inherited as an autosomal dominant which in the 
adult form is recognized by progressive muscle weak- 
ness, atrophy (particularly of the face and neck mus- 
cles), and myotonia, or the inability to relax the muscles. 
Other features can include baldness, cataracts, testic- 
ular atrophy, and endocrine gland dysfunction. Often- 
times, these symptoms are not recognized in the adult 
as a disease state, nor is the familial inheritance fully 
appreciated. 

_ A distinctly different congenital form of the disease 
was defined in 1960. Harper" ? reported a large series 
(70 cases) of congenital miyotonic dystrophy, reviewing 
characteristics of the involved pregnancies. In the con- 
genital form of the disease, clinical features are prom- 
inent at birth and include facial diplegia, hypotonia, 
talipés, and respiratory problems. In infancy there is 
delayed motor development and eventually mental re- 
tardation becomes apparent. The pregnancies are often 
complicated by polyhydramnios, preterm labor, and 
perhaps dysfunctional uterine contractions. In the case 
. presented here, use of the B-mimetic ritodrine hydro- 
chloride provoked myotonic muscle contractions and 
led to the diagnosis of myotonic muscular dystrophy. 
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Case report 


- On September 15, 1982, at 29+, weeks’ gestation, 
C. S. was admitted to Evanston Hospital, complaining 
of uterine contractions every 2 to 8 minutes for the past 
5 hours. She noted a 2-day history of vague malaise 
and urinary urgency but denied fever, chills, or gas- 
trointestinal symptoms. Results of physical examination 
were as follows: temperature, 97, 7° F; pulse, 80 bpm; 
blood pressure, 94/50 mm Hg; respirations, 18/min. 
She was 5 feet, 1 inch tall, and weighted 105 pounds. 
Heart, lungs, neck, breasts, and abdomen were normal. 
Fundal height was 29 cm. Fetal weight was estimated 
as 1300 gm. Moderate contractions were occurring 
every 2 to 3 minutes. The abdomen and bladder were 
nontender. The vagina contained mucoid discharge, no 
blood, and no amniotic fluid. The cervix was closed, 
1 cm long, soft, and posterior, and the fetus was bal- 
lotable. 


A diagnosis of premature iboi and possible urinary 


` tract infection was made, and the patient was admitted 


for rest and intravenous hydration with 5% dextrose 
in lactated Ringer’s solution. Two hours after admis- 
sion, contractions were still occurring every 4 to 7 min- 
utes and were subjectively stronger. The cervix was 
unchanged except for a perceived forward rnovement 
from posterior to the midposition. Based on this change 
and continuing contractions, tocolysis was initiated with 


. intravenous ritodrine hydrochloride (Yutopar) solu- 


tion, 50 g/min for 15 minutes, then at 100 g/min. 
There was a prompt response to the ritodrine. The 
patient noticed flushing and palpitations. The pulse 
rose from 68 to 117 bpm, and blood pressure remained 
stable at 116/46 mm Hg. The uterine contractions 
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stopped after 1 hour at 100 g/min and the ritodrine 
was decreased to 50 g/min. The pulse slowed to 102 
bpm, and the patient noticed diminshed flushing and 
palpitations, Contractions remained arrested. 

Nine hours after initiation of the ritodrine, there 
were still no contractions, and the intravenous ritodrine 
' was changed to oral ritodrine, 10 mg every. 2 hours. 
An ultrasound scan at that time showed. a living sin- 
gleton fetus.in a breech position with a biparietal di- 
- ameter of 7.7 cm (twenty-fifth to seventy-fifth cephalic 
growth percentile, compared to a previous scan), an 
estimated fetal weight of 1350 gm, and a greater than 
average amount of amniotic fluid. 

On the afternoon of the following day (hospital day 
2), she complained of cramping of the fingers and, 
when she ate, stated, “It feels like my jaw is cramping 
or locking.” Serum potassium was found to be 2.6 mg/ 
100 ml and she was given 40 mEq of potassium sup- 
plement orally: twice. Just past midnight (hospital day 
3), contractions resumed and intravenous ritodrine was 
restarted, requiring 150 wg/min to stop the contrac- 
tions. The patient compained again of the “locking” 
jaw. Serium calcium was 8.7 mg/100 ml. In the morn- 


ing, she complained of inability to relax the jaw or the - 


hands without great effort. One gram of calcium glu- 
conate was given intravenously with no change in symp- 
-toms. The tentative diagnosis of myotonic muscular 
dystrophy was made and neurological consultation 
sought. : 
Neurological history revealed: (1). For several years, 
the patient noticed back and leg cramps after jogging, 
which required massage for relief. (2) For the last 2 
years, an aching jaw and stiffness followed long or un- 
usually stressful days at work. (3) There was no rec- 
ognized family history of muscle problems, but her fa- 
ther (age 56) had frontal baldness and temporal muscle 
thinning and had developed cataracts in his 40s. Her 
grandfather lived into his 80s and also had cataracts. 
Neurological examination at this time showed: (1) per- 
cussion myotonia of both thenar eminences, brachio- 
radialis, and tongue, requiring >30 seconds to resolve, 
and myotonia of hand grip; (2) normally active jaw- 
jerk reflex; (3) normally active tendon reflexes; (4) nor- 
mal strength; (5) a slender face with temporal atrophy. 
With the presumption that the myotonia symptoms 
were provoked by potassium shifts to the intracellular 
space, the ritodrine was discontinued. That evening, 
the contractions became stronger and more frequent, 


resulting in a shortening of the cervix to 4 mm in 


length. To control these contractions, 4 gm of mag- 
nesium sulfate was given intravenously in 10 minutes, 
followed by 1.5 gm/hr and then 2 gm/hr. This regimen 
reduced the frequency of contractions to every 15 to 
20 minutes and the intensity to mild. The myotonic 
muscle contractions improved markedly and the pa- 
tient was, stable without cervical change for the next 2 
days. 

On day 6, the contractions were again strong and 
occurring every 2 to 3 minutes. Serum magnesium was 
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6.4 mg/100 ml. Reflexes were <1+, and respirations 
were 8/min. Although no further change in the cervix 
was noted, the impression was that loss of control of 
premature labor was occurring, and the. magnesium 
sulfate was stopped. An initial loading dose of in- 
travenous isoxsuprine hydrochloride (Vasodilan) was 
given, and then a dosage of 12 mg/hr was administered 
and was effective in’ stopping the contractions. Phe- 
nytoin sodium (Dilantin), 100 mg orally twice a day, 
was begun to reduce the myotonic symptoms. A trial 
of oral isoxsuprine failed, and thereafter the patient 
was maintained on a regimen of intravenous isoxsu- 
prine. Worsening myotonic symptoms necessitated an 
increase in dosage of phenytoin to 100 mg three times 
daily. Long-term management consisting of bed rest, 
weekly monstress tests, weekly ultrasound examina- 
tions, and periodic electrolyte and glucose determina- 
Hons was planned. 

' Weekly ultrasound scans demonstrated. normal fetal 
growth, the presence of fluid in the fetal stomach, in- 
creased amounts of amniotic fluid, and alternating 
breech and cephalic positions. By the thirty-second 
week (hospital day 21), frank polyhydramnios was di- 
agnosed. At the thirty-third week (day 28), cephalic 
growth was at the ninety-fifth percentile, and at the 
thirty-fourth week, no fetal breathing could be seen 
over 30 minutes of observation. Nonstress tests during 
this time were reactive (normal). | 

On day 43 (36 weeks), amniocentesis was done. The 
lecithin/sphingomyelin (L/S) ratio was 2:1 (not fully 
mature in this laboratory), the creatinine level was 1.0 
mg/100 ml, and no phosphatidylglycerol was present. 
The amniocentesis was repeated 10 days later at 37.5 
weeks, and at that time, the L/S ratio was 3:1 (mature) 


. and phosphatidylglycerol was present. The creatinine 


level was 1.1 mg/100 ml. The following day (fifty-fourth 
day in the hospital), the isoxsuprine was stopped. She 
continued to have contractions every 20 minutes as she 
had done virtually throughout her hospitalization, but 
no change in the cervix resulted. She was discharged 
home from the hospital, on a regimen of phenytoin, 
100 mg three times daily, with minimal myotonia 
symptoms. 

She was readmitted on December 2, 1982, at term 
with the fetus in the breech position. Cesarean section 
was chosen for the delivery method in this nulliparous 
patient witk hydramnios, a floating presenting part, 


~ and an unfavorable cervix. The following day, she un- 


derwent primary cesarean section through a transverse 
abdominal Maylard incision and a low cervical trans- 
verse uterine-incision. Lumbar epidural anesthesia was 
used, but proved ineffective, so 30 ml of 0.75% Xylo- 
caine hydrochloride was used locally for relief of op- 
erative pain. The female infant weighted 7 pounds, 12 
ounces and had Apgar scores of 5 and 7 at 1 and 5 
minutes, respectively. Thick meconium was present, 
and despite the immediate use of DeLee trap suction- 
ing, meconium aspiration occurred. The baby was 
noted to have poor muscle tone and amblyopia and was 
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obviously affected by the more severe congenital form 
of myotonic dystrophy. The baby suffered transiently 
from supraventricular tachycardia and poor feeding 
but subsequently improved and was discharged home 
3 weeks after delivery. i 

The mother did well after operation, her only com- 
plaint being muscle weakness, attributed to prolonged 
bed rest. She continued on a regimen of phenytoin until 
6 weeks post partum at which time it was discontinued. 


Three months after delivery, the mother had no symp- 


toms of myotonic dystrophy and was continuing to re- 
gain muscle strength. 


Comment 


Myotonic muscular dystrophy usually has its onset in 
early adult life, with death occurring in the fifth or sixth 
decade. Genetically, the disease has a high penetrance 
but great variability of expression.’ Notable features are 
neck and facial muscle weakness and atrophy resulting 
in a characteristic expressionless facies with ptosis as 
the temporalis, sternocleidomastoid, and levator pal- 
pebrae muscles are affected. Characteristic cataracts 
and retinal changes can occur.’ Associated problems 
are abnormal glucose tolerance, baldness, gonadal atro- 
phy, and cardiac arrhythmias.” 

In general terms, the disease results from membrane 
dysfunction. In the muscle, there is repetitive discharge 
of the muscle membrane, independent of nerve activity. 
Use of the B-mimetic agent ritodrine hydrochloride has 
not previously been reported to provoke the severe 
myotonia symptoms that occurred in this patient. One 
of the well-known effects of ritodrine, however, is a 
shifting of potassium from the extracellular space to 
the intracellular space. This shift is not usually associ- 
ated with adverse effects and use of potassium supple- 
ments has been considered unnecessary.*’ In this case, 
alow serum potassium value was obtained, but no short- 
term Improvement in the myotonia was evident follow- 
ing potassium replacement. 

At the present time, the membrane defect occurring 
in myotonic dystrophy is not clearly characterized. Con- 
sequently the mechanism of this ritodrine-induced dys- 
function cannot be inferred. In goat myotonia and hu- 
man myotonia congenita, the muscle membranes have 
been found to have decreased chloride conductance, 
which can be shown experimentally to result in repet- 
itive action potentials.** In adult myotonic dystrophy, 


however, the membranes seem to have normal resis- _ 


tance and normal chloride and potassium conduct- 
ance.’ Investigators have found changes in membrane 
electrical potential in myotonic dystrophy, but the sig- 
nificance of this is not clear.'*'' Additional findings that 
may ultimately lead to an understanding of the patho- 
physiology characteristic of myotonic dystrophy. de- 
rive from red blood cell membrane studies in which 
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reduced phosphorylation of membrane proteins and a 
change in the stoichiometry of the sodium-potassium 
membrane transport system have been found.’* * 
Lastly, phenytoin, an effective therapeutic agent to re- 
duce myotonic symptoms, has been shown to normalize 
membrane “fluidity” as measured by electron spin res- 


‘onance in red blood cells from myotonic dystrophy 


patients.“ Further confounding and contradicting find- 
ings, however, are two reports where use of the B-block- 
ing agent propranolol led to myotonic muscle 
dysfunction,’® © whereas in our case the B-mimetic 
agent ritodrine also provoked myotonia in a suceptible 
patient. 

Harper ”has reported the largest series of this “con- 
genital myotonic dystrophy.” Facial diplegia was present 
in 61 of the 70 infants. Hypotonia (47 of 70), talipes 
(33 of 70), and respiratory problems (33 of 70) were 
often present. Delayed motor development of the neo- 
nate was present in 60 of the 70, and mental retardation 


_in 48 of the 70. In contrast to the adult form, cataracts 


were absent in infancy. 

The disease features found in the neonate logically 
have corollary characteristics in utero. Most important, 
although not understood, is the fact that the congenital 
form of the disease is almost invariably inherited from 
the mother. Obstetric problems attributed to maternal 
disease have included exacerbation of muscle weakness 
at about 7 months’ gestation, '” '* premature labor, '* dys- 
functional labor,'”'’ and failure of maternal voluntary 
muscle effort. Polyhydramnios occurs frequently when 
the fetus has the congenital form of myotonia dystro- 
phy, a fact attributed to the affected fetus’s reduced 
ability to swallow amniotic fluid. Delayed swallowing of 
the contrast medium Hypaque, injected into the am- 
niotic cavity, was demonstrated by Dunn and Dierker.” 
Polyhydramnios was present in 36 of 70 in the Harper 
series, and reduced fetal movements were also appre- 
ciated (24 present, 28 absent, 18 uncertain). Lastly, a 
high number of fetal and neonatal losses is retrospec- 
tively found in mothers with the diagnosis made in 
subsequent pregnancies because of an affected but sur- 
viving infant. Webb et al.” reported one family affected 
with myotonic dystrophy in which an unusual number 
of prior pregnancies complicated by polyhydramnios, 
preterm labor, dysfunctional contractions, retained pla- 
centas, and pospartum hemorrhage occurred. 

A major feature of the adult form of myotonic dys- 
trophy is the variability of symptoms such that, in many 
instances, affected mothers and families do not rec- 
ognize the condition as a diseasé’ of .appréciate the in- 
heritance that is occurring. In Harper’s’ series, 20 of 
54 mothers were asymptomatic and 14 had only minor 
symptoms. In our case, the mother had noted only 
minor muscle symptoms (aching, stiffness) following 
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extraordinary exertion. The patients father,: from 
whom she apparently inherited the condition, had 


frontal baldness, temporal thinning, and cataracts at an 


early age, and his father had only cataracts. 

= The anesthetic management of myotonic dystrophy 
is somewhat complex and deserves comment. General 
anesthesia should be avoided whenever possible. Since 
the myotonia originates in the muscle membrane, Pav- 
ulon and curare are of no help in terminating the mus- 
cle contractures. Neostygmine and other cholinesterase 
inhibitors used to reverse muscle relaxation cause se- 
vere contractures and should be avoided. Depolariz- 
ing drugs like succinylcholine lead to severe contrac- 
ture and should not be given. Thiopental produces 
severe apnea in these patients and was thought to have 
caused five deaths in one seéries.”” Arrhythmias, includ- 
ing ventricular tachycardia and fibrillation, are seen 
. intraoperatively, especially during general anesthesia. 
Perioperative shock, if unresponsive to the usual va- 
sopressors, should be treated: with steroids. Last, these 
patients are prone to pulmonary failure and cardiac 

arrhythmia’ after operation.” 

In summary, while ritodrine abies or blocks neu- 
romuscular conduction in the uterus, thus providing a 
beneficial effect i in prolonging pregnancy, it can con- 
currently upset the membrane balances in other sys- 
tems with resultant tachycardia, hyperglycemia, hy- 
pokalemia, and pulmonary edema.” In this case report, 
ritodrine destabilized muscle membranes of a suscep- 
tible individual and resulted in myotonic muscular con- 
tractions and a diagnosis of previously unrecognized 
Pye cystrophy. 
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7: = A won of a hospital outbreak of pseudomembranous colitis in three patients given prophy 
~ therapy before and after primary cesarean section is. presented. All patients shared the same ward and __ 
~~ labor and delivery room, and the colitis occurred within an 8-day period. The diagnosis of pseudomembranous 
z colitis was suspected clinically and confirmed by limited colonoscopy and biopsy. followed by stool culture $ 
"and toxin assay for Clostridium difficile. The high carrier rate of Clostridium difficile in the female urogenital 
-tract and altered colonic motility during pregnancy, in addition to antibiotic use, may have contributed to 

; the establishment of this disease. When diarrhea develops postoperatively in patients who have undergone 
ae 3 cesarean section, pseudomembranous colitis as a potential serious complication must be kept i in mind 

and necessary precautions taken to impede cross-contamination and development of secondary. cases. 








M J Osster GYNECOL 1985; 151 87-9.) 


-Recent reports of clustering pseudomembranous co- 
~ ditis suy gest | that cross-contamination or environmental 
E fac rs may be important in the spread of this disease. 





aa € lostridium difficile has been isolated from the contacts 
. and surroundings of hospitalized patients suffering 


pgn from pseudomembranous colitis. Also, as pseudomem- 
S - branous colitis develops more commonly after pro- 


2 longed antibiotic use, it is rarely described among. 


obstetric patients. In this paper we report a hospital 
_. outbreak of pseudomembranous colitis in three women 
-who underwent primary cesarean section after having 
ved perioperative antibiotic prophylaxis. 








ase reports 

Case No. 1. G. R., a 34-year- -old woman, gravida 3, 
para 9, was admitted on May 12, 1982, at term. Afir 
> failure of progression of labor because of cephalopelvic 
oe disproportion, she was delivered by primary cesarean 
7 ction. One half hour before delivery, 2 gm of cefoxitin 
--(Mefoxin, Merck, Sharp & Dohme, West Point, Penn- 
ae Ivania) was administered intravenously. The anti- 
biotic. was continued at 6-hour intervals for a total 
dosage of 19 gm. On May 15, she developed watery 
diarrhea, diffuse abdominal cramps, and fever to 101° 
F. Subsequently, the severity of the diarrhea and ab- 
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eudot branous colitis following prophylactic antibiotic — 
se i in primary cesarean section 


ae Key “words: AEEA E A colitis, cesarean section, antibiotic prophylaxis 


para 0, was admitted i in active labor on May 18, 1982. a 



















ja lactic antibiotic 





dominal cramps intensified, and on May 20 the fever 
peaked at 103° F, with a white blood cell count ¢ 
30,000/mm’. A diagnosis of pseudomembranous col 
tis was entertained, and limited colonoscopy to 35 © 
was performed (Fi ig. l). Endoscopy revealed whitish 
plaques varying in size from 2 mm to | cm with inter- 
vening edema, friability, and erythema. Biopsy of these 
lesions demonstrated partial necrosis of the overlying 
mucosa with a thick covering of fibrin and inflamma- 
tory debris (Fig. 2). Vancomycin (Vancocin, Eli Lilly & 
Co., Indianapolis, Indiana), 250 mg orally every 6 6- 
hours, was started with resolution of sy mptoms over 
4-day period. Stool culture was positive for C. di 
Mane Na; hoer N. A a Re pect oorun 8 r: 













arean section was pcr’ She. receiv wed ce efouit r 
2 gm intravenously one half hour preoperatively, fo 
lowed by four additional doses for a total of 10 gm. On 
May 20, diarrhea developed and increased in severity 
over the next 4 days. On May 25, the diagnosis of 
pseudomembranous colitis was suspected, and limited 
colonoscopy with biopsies was performed. Classica | 
pseudomembranes were seen in all areas inspected sup- 
porting the diagnosis of pseudomembranous colitis. 
Histologic examination of biopsy specimens was con- 
firmatory. Vancomycin, 250 mg orally every 6 hours, 
was started and continued for 10 days with prompt 
resolution of symptoms. C. difficile was isolated from | 
cultured stool specimens. os 
Case No. 3. B. L., a 22-year-old woman, gravida oe 
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Fig. 1. Endoscopic appearance of classical pseudomembranes with raised white plaques and reddened 


intervening area. (Original magnification x 10.) 


Fetal distress became apparent, with fetal monitoring 
indicating evidence of cord compression. A cesarean 
section was performed, and cefoxitin, 2 gm intrave- 
nously, was given prophylactically. This was repeated 
4 and 8 hours later for a total dose of 6 gm. On May 
22, diarrhea, abdominal pains, fever of 101° F, and 
leukocytosis to 26,000/mm* were noted. On May 24, 
colonoscopy revealed acute colonic inflammation with 
erythema and exudate in all areas. No classical pseu- 
domembranes were seen, but C. difficile culture was 
positive, and toxin assay was also positive at'a titer of 
1 x 10°. Vancomycin, 250 mg orally every 6 hours, was 
started with defervescence and decreasing frequency 
of diarrhea over 2 days. 


‘Comment 
In this report we present data supporting cross-con- 
tamination as a factor in the spread of pseudomem- 
_branous colitis. Although no evidence of C. difficile in 
‘the environment or on personnel was found during a 
‘survey conducted immediately after identification of 
the third case, the three patients shared in common the 
| | labor room and a four-bed ward room. G. R. and N. A. 
were located in adjacent beds prior to and during the 
_former’s onset of diarrhea. With isolation of G. R., Pa- 
tients N. A. and B. L. eventually occupied the same 
ward. It seems likely that the spread of the infective 
organism began with the onset of diarrhea in G. R. on 
May 15, 1982. The organism was transmitted to N. A. 
who, in turn, infected B. L. (G. R. and B. L. never 
having direct contact with each other). 
In a 3-month retrospective and 6-month prospective 
analysis of all women delivered at St. Vincent's Medical 


Center of Richmond (a total of 1305 deliveries with a 
cesarean section rate of approximately 25%), no other 
cases of pseudomembranous colitis were detected. 
These data, added to the facts regarding the similarity 
of the circumstances of delivery, and the postdelivery 
setting lead us to believe that these three cases represent 
an outbreak of pseudomembranous colitis. It is sigmif- 
icant that no patient having a vaginal delivery devel- 
oped pseudomembranous colitis, yet the role of peri- 
operative antibiotic use is unclear. 

Although cefoxitin was given for prophylaxis alone, 
the suggested protocol of Polk et al.' was adhered to 
only in the case of B. L. The development of diarrhea 
after a course of prophylaxis with an extremely short 
incubation period should not dissuade one from en- 
tertaining the diagnosis of pseudomembranous colitis, 
as it has been described with cefazolin,’ a related an- 
tibiotic. 

All of our patients received antidiarrheal medication, 
and two received either ampicillin or a cephalosporin 
subsequent to the onset of fever and diarrhea, which 
may have exacerbated the situation. 

The lack of identification of C. difficile toxin in G. R. 
and N. A. is bothersome as toxin positivity is present 
in the vast majority of cases of pseudomembranous 
colitis. A delay in specimen processing for toxin titers 
may have played a role. However, all three did have 
positive stool cultures for C. difficile. 


pgp 


The origin of C. difficile in these cases is subject to 


ar 1985 


speculation. In addition to the knowledge that there | 


exists a 3% healthy carrier rate, the fact that 40% of 
neonates harbor C. difficile leads us to believe in the 








~ Pseudomembranous coli 








Fig. 2. Photomicrograph of colonic biopsy showing partial necrosis of overlying mucosa and inflam- 
matory exudate. (Original magnification = 400.) 








possibility of contamination from the medical and nurs- mind, and appropriate measures for rapid diagnosis. = 
ing staff that had access to both groups of patients. must be instituted. 
Altered colonic motility exists in pregnancy as the result 
of hormonal influences, and this may facilitate growth REFERENCES 
of C. difficile in patients who otherwise would. not be 1. Polk BF, Krache M, Phillippe M, et al. Randomized clinical 
susceptible. A high carrier rate in the female urogenital trial of perioperative cefoxitin in preventing maternal in- 
iG atako be conn bir fection after primary cesarean section. AM | Ossrer Gy- 
y ioe ns P , : NECOL 1982;142:983-7. 

In conclusion, we wish to stress the following: The 2. Degan TJ, Fee HJ, Ament ME. Colitis and psedomem- 

occurrence of fever and diarrhea in a postpartum pa- branous colitis associated with cephazolin prophylaxis. Am 


Surg 1979;384-7. 


tient who has received antibiotic prophylaxis for cesar- 
ean section should bring pseudomembranous colitis to 
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| Itrasonic estimation of weight in the very | le w—birth weigh 
etus: A resident. versus staff physician comparison” 





ona P. Tahilramaney, M. D. tawcnde D. Platt, M.D., Sze-Ya Yeh, M. D., 
ggory R. DeVore, M. D., Louise Sipos, R.N., and Richard H. Paul, M.D. 
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Thee estimation of weight in the very low-birth weight fetus (<1500 gm) is becoming more important in 
‘obstetric management as neonatal nurseries are reporting better outcome in this weight category. It has 
‘become | clear that assessment of weight can best be accomplished through the use of ultrasound. In many 
Teee, however, ultrasonography is under the control of other departments and is not readily 

ailable. This arrangement prevents rapid access and compromises the benefit of the technique. To 

uate the: accuracy of scans performed in very low—birth weight infants by personnel with limited 
training in ultrasonography, we undertook a systematic study of weight estimates in this select group of 
patients. To date, 31 ultrasound examinations have been performed by staff physicians and 50 by resident 
physicians. Comparisons made between ultrasound examinations by staff and resident physicians showed 
that the absolute error between the ultrasound-predicted weight and the actual weight, though less in the 

: se of | staff physician examinations, was not statistically significant. (AM J OBSTET GYNECOL 

è 985; 151 :90-4.). 


































“Keywords: Estimation of weight, very low birth weight, ultrasound 


| ~The estimation of weight in the very low ~birth 
weight fetus (21500 gm) is becoming more important 50 
in obstetric management as neonatal nurseries are re- 
porting better outcome in this weight category. H has 
‘become clear that prediction of weight in the very 
low-birth - weig ht fetus can best be accomplished 
through the use of ultrasound. In many institutions, 
however, ultr asonography is under the exclusive con- 

of nonobstetric departments and is not readily 






„availa eto the obstetrician. 
Inor der to evaluate the accuracy of ultrasound scans 

















% OF POPULATION 


ormed in very low—birth weight fetuses by person- 
vith limited training in ultrasonography, we under- 
kas systematic study of weight estimates in this select 
P of paucas: 





Material and methods oye a 
0-5% 3540% 10-15% a15% 

ghty-one of the 1 150 women who were delivered of | 
| weighing between 500 and 1500 gm from July 
RE 2,10. June 30, 1983, at the Women’s Hospital (Los Fig. 1. Fetal weight estimation, This compares the oke 

‘ee A 3 f x sy 

geles- County/ U niversity of Southern California percent error with the percent of patients studied by staff : 
fedical Center) had ultrasound scans performed members (solid bars) and resident praan bars) physicians. ee aa Se, 


ABSOLUTE % ERROR 


SE within 7 days of delivery and were. eligible. for. the pan 
m the Deut of oime and Gynecology, University of study. Real-time udane gr aphy gee perfor med with et al 
the use of a 3.5 MHz transducer. Sonograms ' were ob- 
tained either by obstetric faculty members. trained in 
ultrasonography or by residents in obstetrics and. gyne- - 
cology who worked in the labor and delivery area. The 0e 
residents in obstetri ics and gynecology at the Los aa! 






: i Southern California School of . Medicine, and Women’s H ospital, 
3 Lo 08. m C ounit "niversity. yof Southern California Medical 












ce ‘Table I. I. Error of estimated fetal | weight (mean + 2n) 









i 
E < Staff member _ 3] 





~0.45 
ee | + 156.29 
_ Resident 50 — 16.60 
E + 189.47 


Error = estimated fetal weight ~ actual birth weight 


error | 
absolute birth weight 
absolute error 
actual birth weight 
error (maximum) — error (minimum) 


: Oh Error = x 100 





Absolute % error = x 100 


Error range = 







geles County/University of Southern California 
cal Center spend a month training in ultrasonog- 


: y which they are permitted to use real-time ultrasound in 

; a the clinic and labor and delivery area for the duration 

cos of their training. Biparietal diameter, abdominal cir- 

< cumference, and femur length measurements were ob- 
T ‘tail ed i in each fetus. A : 

— | e » charts used to estimate fetal weight for clinical 

> gemei were based on the formula repor ted by 

Shepard et al.,! which is 

“Log BW = ~ 1.7492 + 0.166 (BPD) + 


0.046 (AC) — 















2.646(AC x BPD) 
1000 - 
_ where BW = birth weight, BPD = biparietal diameter, 
and AC = abdominal circumference. 
Statistical analysis was performed by means of Stu- 
| ents t test or X, and p>0.05 was considered sig- 
a nificant. 





Results 


| T hirty -one ultrasound examinations were performed 
< by the perinatal staff and 50 by residents. A composite 
error analysis performed on these two groups of pa- 
tients did not show any significant difference (Table I). 

» “Of the 31 patients scanned by staff members, the 
J ‘estimated fetal weights in 20 patients (64.5%) were 
within 10% of the actual birth weight, and in 14 pa- 
tients (45%) the estimated fetal weights were within 5% 
© of the actual birth weight. In the 50 examinations per- 
formed by residents, 21 (45%) were within 10% of the 
Di ctual birth weight and 10 (20%) were within 5% of the 
actual birth weight (Fig. 1). 





“Comment 


‘Until the 1960s reports describing outcome in the 
very low-birth weight infant (=1500 gm). demon- 





= Absolute error 
(gm) 


110.064 
+ 109.161 
144.76 
+ 121.65 


_ Absolute error = estimated fetal weight — actual birth weight 


raphy during the second year of their residency after 





Absolute ee ge 
Percent error percent error Error range © 


(%) (%) (gm) 
0.028 9.99 420 


























£13.56 £8.98 2270, 0 
~L70 n 7 13.89 -400 
+.18.20 + 11.72 +650 




























strated a high mor rtality rate and prevalence of majo 
handicaps i in survivors. ? With i improvement in neonat 
care and aggressive obstetric intervention, these om 
nous statistics have dramatically improved. Contr 
versy exists on how. aggressive (cesarean section versi 
vaginal delivery) obstetric management should be 
when delivery of the very low~birth weight fetus. 
imminent.’ One of the factors that has contributed 
significantly to clinical management and neonatal su 
vival is the use of ultrasound to predict fetal weight 
However, ultrasonogt aphy i is under the control] of d 
partments other than obstetrics and gy necology i inm 
institutions. This arr ‘angement often compromises th 
immediate av ailability and diminishes the poten 
benefit of this tec ‘hnique. a 

Our results indicate that there was no statistical i 
ference between staff and resident scans (Fig. by . 
gesting that even in the hands of operators with lin 
experience, ultrasonography can be utilized | 
fully to improve obstetric care. This modality shoul ! 
readily available on any labor and delivery floor. net 
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Evaluation of intra-amniotic administration of 120 gm 


of urea with 5 mg of prostaglandin F., for midtrimester | 
termination of pregnancy between 20 and 24 weeks’ 


gestation 


Ray V. Haning, Jr., M.D., and Ben M. Peckham, M.D., Ph.D. 


Madison, Wisconsin 





The occasional finding of signs of life in fetuses delivered following intra-amnictic administration of 80 gm 


of urea and 5 mg of prostaglandin F,, suggested that the dose of 80 gm of urea was inadequate beyond 

' the nineteenth week. Protocol modifications were made, and the metabolic effects of intra-amniotic 

a administration of 120 gm of urea used beyond the nineteenth week were compared to those of the 80 gm 

; dose of urea used in patients prior to the twentieth week. The 120 gm urea dose was well tolerated. 

: The peak blood urea nitrogen (at 4 hours after instillation) was higher with 120 gm of urea (36.4 mg/dl) 
than with 80 gm of urea (24.6 mg/dl) (p < 0.05). Smali decreases in the platelet count (14% of control) and 
4 serum fibrinogen (11%), sodium (2%), potassium (7%), and carbon dioxide (11%) levels and a 5% 

d increase. in peak serum osmolality were found. Following the change in protocol, fetal heart activity has 

: been absent at 3 hours after instillation in all cases <24 weeks from the last menstrual period. (Am J 


OssteT GynecoL 1985;151:92-6.) 


Key words: Intra-amniotic urea, intra-amniotic prostaglandin F}, midtrimester abortion 


The intra-amniotic instillation of 80 gm of urea with 
5 mg of prostaglandin F,, (PGF,,)'* has been used at 
the University of Wisconsin for midtrimester termi- 
nation of pregnancy. In occasional cases, signs of life 
“were present in the fetus at the time of expulsion, sug- 
gesting that insufficient concentrations of the intra-am- 
niotic urea had been achieved.’ This finding occurred 
-mainly i in pregnancies >19 menstrual weeks’ gestation. 
AC comparative study between urea-PGF,,,and saline so- 
lution for midtrimester abortion has shown urea to be 
“safer than saline solution and to have a 50% lower 
Incidence of delivery of a live fetus.” 
Since urea is distributed rapidly across cell walls, its 
‘voluine of distribution approximates that of total body 
water. When urea is given intra- ammniotically, the con- 
ce tration is first diluted by any remaining amniotic 
fluid There is then an additional drop in urea con- 
centration as the urea is distributed throughout the 
fetal and placental tissues and a further drop due to 
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the progressive clearance of urea into the maternal 
compartment." ° 
The amniotic fluid volume in normal pregnancies — 


increases by approximately 3.3-fold between the. sixe: a 
teenth and the twenty-fourth weeks from the last men- Sine 


strual period, while the combined fetal and placental 
weights increase by approximately 4.4-fold during this 
same interval. Since the distribution of urea into the 


fetal compartment occurs across the fetal skin surfaces, 980° -< 
the reduced permeability produced by keratinization 7 Ree | 
of the skin (which begins at 17 weeks and is completed a 

by 25 weeks‘) combined with the increasing total weight P 


of the fetus and placenta produces progressive de- 
creases in the concentration of urea obtained in both 
the amniotic fluid and the fetal tissues as pregnancy B 
progresses. a 


The initial studies on the 80 gm urea dose had in- 00> 
cluded patients from 16 to 20 weeks® and from 16 to e 
22 weeks,' leading to a lack of experience beyond. 227 oe s 
weeks and a reduced experience in the 20- to 29-week 


interval. Since clinical experience elsewhere with a 120 


gm dose of intra-amniotic urea had suggested itg = ao 
safety,” * we increased the dose of intra- -amniotic urea. A : : ra 
to 120 gm for all patients >20 weeks’ gestation. without: : ie : 
altering the 5 mg dose of intra-amniotic PGF;,. In all 6 


cases <24 weeks subsequent to the change in. protocol, | 
fetal heart activity has been absent by: 3 hours followi vug 



















af es and prostaglandin instillation! ° 





es Table I. Comparison of patients given prostaglandin-urea to those given saline solution prior to the 


` pr otocol modification 





Drug-fetus interval (hr), mean + SD 
< 20 wk 
= 20 wk 
All patients 
Fetus-placenta interval (hr), mean + SD 
< 20 wk 
= 20 wk 
All patients | 
Hospital days, mean + SD 
< 20 wk 
= 20 wk 
All patients 
Hematocrit decrease, mean + SD 
< 20 wk 
= 20 wk 
All patients 
Febrile merbidity 
< 20 wk 
220 wk 
All patients 





*Number of patients. 
tp < 0.001. 

tp < 0.01. 

$p < 0.05. 


- intra-amniotic fastillation of the drugs. We report here 
i data. on the metabolic effects of the 120 gm dose in 
/patiiparison to the 80 gm dose of urea. 


Methods 

Previous experience at the University of Wisconsin. 
In the years prior to 1977, 200 ml of 23.4% saline 
_ Solution was instilled intra-amniotically after removal 
ae of variable amounts of amniotic fluid. After 1977, 80 
gm of urea in 135 ml of 5% dextrose in water and 5 


3 omg of PGE, were instilled instead of the saline solution 


-after removal of variable amounts of amniotic fluid. 
_ The data from these two intervals were analyzed to 
compare with results obtained with saline instillation to 
those obtained with prostaglandin-urea prior to the 
a present protocol modification. 
Clinical protocol modifications. I The protocol for 
: "was modified as 
` = follows: (1) As much amniotic fluid as possible was re- 
moved prior to instillation of the drugs. (2) Patients 
<20 weeks from the last menstrual period continued 


. to receive 80 gm of urea dissolved in 135 ml of 5% 
dextrose in water and 5 mg of PGF, intra- amniotically. 


| (8) Patients with pregnancies 20 weeks and up to 24 
i weeks from the last menstrual period were given 120 
gm of urea in 200 ml of 5% dextrose in water and 5 
mg of PGF,, intra-amniotically. (4) The fetal heart was 
_ checked with an ultrasound Doppler device at 2 and 3 
eo hours after instillation. (5) Patients with continued fetal 
heart activity at 3 hours were given a second intra- 





16.9 + 10.2 (407)* 26.8 + 10.1 (1263) 
16.6 + 9.7 (335) 25.2 + 7.6 (552)t 
16.8 + 9.9 (742) 26.3 + 9.4 (IBIS)+ 
0.58 + 0.74 (409) 0.58 + 1.80 (1275) 
0.48 = 0.61 (334) 0.41 + 0.61 (554) 
0.54 + 0.69 (743) 0.53 + 1.54 (1829) 
2.2 + 0.53 (411) 2.2 + 0.76 (1204) 
2.2 + 0.49 (3297) 2.1 + 0.44 (501) 
.2 + 0.51 (738) 2.1 + 0.68 (1705) 
1.2 + 1.5 (395) 15 + 1.8 (1199)¢ 
LI + 1.5 (316) 1.7 + 1.9 (529)+ 
1.2 = 1.5 (71) 1.5 + 1.9 (1728y 
3, O.8% (374) 13, 1.0% (1294) 
5, L6% (306) 102%  (565)$ 



























Urea with PGF Qn 


Saline solution 


8, 1.2% (680) 14, 0.75% (1859) 




















amniotic instillation as described in items 1 and 3 3 above 
(6) An intravenous infusion containing 100 units per 
liter of oxytocin was started at 125 ml/hr 4 hours after 
rupture of the membranes as long as fetal heart move- 
ment had ceased to be detectable. (7) The placenta was 
instrumentally removed if not passed spontaneously by 
2 hours following expulsion of the fetus. Venous blood 
was obtained antecubitally prior to the administration ~ 
of intra-amniotic drug (time 0) and at 4, 8, 12, and 294 
hours following instillation. An additional sample. was 
obtained following placental delivery. We continuec 
use a 17-gauge, 9-inch Touhy needle for both remo 
of amniotic fluid and instillation of the urea and the 
the PGF,,. A small amount of the urea solution. wi 
saved to flush in the PGF,, dose. ee 

Statistical analysis. Comparisons between groups ot = 
different patients were made by t test or one-way ana 
ysis of variance, while comparisons between differen 
times within a group of patients were made with. th 
paired ¢ test or two-way analysis of variance. Wher 
multiple Cone ons to a single control were mad 
Dunnett's’ tables for multiple comparisons with a con 
trol were used. Log-transformation of the blood urea 
nitrogen data was necessary because of the wide rang : 
of values and to correct for heterogeneity of variance 
demonstrated with Bartlett’s test.’ 


Results 


The data for the drug-fetus interval, fetus- -placenta É 
interval, hospital days: hematocrit decrease, and febrile 7 








Tal [] Drug-fetus | n fetus- -placenta interval, fetal heart, fetal weight, placental weight, and 














a Dr eters Gena (hr), mean + SD 
= Fetus-placenta interval (hr), mean + SD 
¿© Fetal heart at 2 hr (No. detectable) 
=o Fetal weight (gm), mean + SD 
_ Placental weight (gm), mean + SD 
Evade fluid (ml), mean + SD 














After delivery 
af placenta 
(mean + SD) 


| Baseline 
| (mean * SD) 








ets x 10mm 


269 + 32 en} E ga 
279 = 43 252 + 54t 
80 gm u 11.44 + 0.51 12.03 + 0.54 
oon N20 gm urea 11.84 + 0.58 12.17 + 0.63 
: “Partial thromoplastin ume 
=-(séc). (N = 9) 
 80-gm urea 25.7 + 1.9 26.5 + 1.4 
320 gm urea 26.4 + 1.7 28.02 3.0 
“Fibrinogen (mg/dl). (N = 9) 
80 gm urea | 340 + 47 301 + 37ł 
-120 gm urea 346 + 64 314 + 08 


| -There were. no significant differences between urea dose 
“groups by one-way analysis of variance. The comparisons with- 
murea dose groups between the baseline and the postplacenta 
<$ mple w were : analyzed by paired ¢ analysis. 
tp x 0.0 > 


















pibidity for both 5 mg of PGF,,—80 gm of urea abor- 
. patients and the earlier saline solution abortion 
nts,’ treated at the University of Wisconsin prior 
> present protocol change, were compared (Table 
9.6-hour decrease in the drug-fetus interval had 
n produced by the previous switch from the use of 
ne solution to the use of prostaglandin-urea (p < 
00 1), a decrease of 37%. A decrease of 0.3 units in 
e mean. hematocrit drop also resulted, a decrease of 
: No change | in overall febrile morbidity was de- 
cted, but. febrile morbidity had increased by 1.4% 
the prostaglandin-urea patients 220 weeks (p < 
5). An overall increase of 0.1 hospital day in the 
urea- PGFa patients was also detected. This increase was 
-found only in pregnancies > >20 weeks (p < 0.01). 

z After the recent protocol. change, all patients with 











a 


ol ic fluid volume removed i in me 80 and the 120 gm of urea groups 







| jes <20; weeks \ were A 80 gm of urea and 


120 gm urea 


80 gm urea 

18.4 + 59 14.8 + 63 

1.01 + 0.84 0.61 + 0.84 
i 6* | 

197 + 45 373 + RST 

102 = 36 120 + 39- 

169 = 66 963 + 117* 


p for all means except for Secor weight in the 80 gm of urea group where N = 9. 


5 mg of PGF,. intra-amniotically while all patients. 320 ee 

weeks were given 120 gm of urea and 5 mg of PGF, 0 0 0) 

intra-amniotically. The first 10 patients in each group ‘i i a 

were monitored intensively to rule out any adverse ef- 

fect due to the change in protocol. There was no sige 

nificant difference in the drug-fetus interval or. the fe- ae 

tus-placenta interval between the two groups | for these ; oe 

20 patients (Table IH). The fetal weights (p<0. OJ fe | 
and number of patients with detectable fetal heart ae 

tivity (p < 0.01) were significantly greater in the preg- 

nancies 220 weeks, but the trend toward higher pla- 

cental weights failed to achieve statistical significance 








in this small sample. A difference of 94 ml was found 


in the mean volume of amniotic fluid that could be 
withdrawn in the two groups (p < 0.05). 

The values for platelet count, prothrombin. time, par- 7 
tial thromboplastin time, and fibrinogen for the base= a 
line and the postplacental samples are shown. in Table): 9) 
III. There were no significant differences between the nisy 
80 gm and the 120 gm urea dosage groups by one- -way 
analysis of variance. Paired ¢ analysis demonstrated sig- 
nificant decreases in the platelet count after placental _ 
delivery in comparison to the baseline sample for. 
the 80 gm of urea (p < 0.001) and the 120 gm of ur 
(p < 0.005) groups. However, the decreases were onl 
14% and 10%, respectively, for the 80 and. 120. gmo 
urea groups, and all individual values remained within 
normal limits. One patient in each group was elimi- 
nated because of missing data for the remaining pa- ok 
rameters. Fibrinogen also showed a statistically signif- 
icant decrease (p < 0.05) in the 80 gm of urea grou] 
by paired ¢ analysis. A similar but smaller decreasin: | 
trend in fibrinogen in the 120 gm of urea group failed = 
to reach statistical significance (t= 9 with 8 df). Again, © : $ : a 
the fibrinogen only decreased by 11%, and altindivid- - 
ual values remained within normal limits. No statisti in : 
cally significant differences between the baseline and- 
the postplacental samples were demonstrated withi 
the 80 and 120. gmi of urea groups by paired t: analysis : 
for pr othrombin time or par tial thromboplastin. time. | | 
Fibrin split products si show edan increase from the base- 
































prostaglandin and urea 


z “Blood urea nitrogen 

















80 gm urea l 
. Geometric mean 6.5 24.6* 22.6* 18.8% | 
95% Confidence limits 5.6-7.7 19.9-30.5 17.8-28.7 14.8-24.0 
~ 120 gm urea 3 | 
Geometric mean 6.5 i o BG4*t 31.7*+ 23.0% | 10. bg > 
95% Confidence limits. 5.1-8.2 28.0-47.4 22.7-44. 3 - 16.2-32.8 7 413.8 8 ; 
Serum sodium (mmol/L, iy 
=- mean + SD) | | se 
80 gm urea 137.6 + 2.0 136.4 135.1 + 0.8* © 134.8 + 1.5% 135.8 + 1.9% 
| 120 gm urea | 137.4 + 1.8 137.0 + 135.7 + 1At 136.2 + 1.6 1372 22 
SET potassium (mmol/L), Of 
mean + SD l E 
> B0 gm urea 3.99 £ 0.37. 3.56 + 0.31* 3.68 + 0. 29 3.61 + 0.284 -0:26 
© 120 gm urea 5 3.84 + 0.34 3.63 + 0.234 “857 2 Ol A -3.56 + 0.164 HED 
T Serum chloride (mmol/ L), | | | aa 
80 gm t urea E -1032+22 ` 1046 + 104.8 + 1.4 . 10541 + 1.6 102.6 30. 
120 gm urea 104.1 + 1.8 — 1049+ 105.8 + 0.9. 106.1 + 1.6 104.1 21.4 
Serum carbon dioxide = j @ g ei 
(mmol/L), mean + SD i . a aces 
80 gm urea 25.7 + 0.9 23.2 + 2.0* 23.0 £ 14*.° 224 4 1.9% 25.4. £ 12: 
-o < F20 gm urea 24.8 + 1:2 | 23.0 + 0.7% 22.0 + 0.9* 22.2% 12* 24. O + LOT 
z Serum osmolality (mosm), poe 
means SD , | a | TE 
: 80 P gm u urea. 74.2 + 23.7 286.3 + 4.1 286.9 + 5.9% 284.3. + 4.0 279.7 «7.3 > 
278.9 + 34 292.0 + 9.0* 293.6 + 7.2* 286.7 + 7.0% 280.9 + 83° 







= ee all means. 
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hese patients. 
t e data on blood urea a nitrogen, serum electrolytes, 
d serum osmolality (Table. IV) were analyzed by two- 
; r analysis of variance for comparisons within each 
‘urea dosage group. "One. patient in each group was 
eliminated prior to data analysis because of missing 
data. Statistically significant elevations in blood urea 
rogen were demonstrated at 4, 8, 12, and 24 hours 
fter instillation in both the 80 and 120. gm of urea 
oups. The peak of blood urea nitrogen was reached 
t 4 hours, and by 24 hours the value had returned to 
early basal levels. The serum sodium level showed 
slight decreases from the baseline at 8, 12, and 24 hours 
in the 80 gm of urea group and at 8 hours in the 120 
gm of urea group. Serum potassium also showed slight 
- decreases at 4, 12, and 24 hours in the 80 gm of urea 
7 group and at 4, 8, and 12 hours in the 120 gm of urea 
3 group, There were no statistically detectable alterations 
the s serum chloride level. The serum carbon dioxide 
el showed d slight declines at 4, 8, and 12 hours i in 











‘ rable 1 ] V. Blood urea nitrogen and serum ‘electrolytes and osmolality before and after instillation” | 


‘os after intra-amniotic instillation of drug 


-*Comparison within urea iaa levels between time zeroand the time shdieated with use of n analysis of ae p <0. ) 
-+Comparison between urea dose levels within time intervals: p < 0.05. man | 


Comparison within urea dose levels between time zero and the time indicated with use oft two- -way analysis ofy variance: P m 8 


in. both the 80 and 120 gm of urea groups. There waso 


linical evidence ofa coagulation disorder in any of ; group and at 4, 8, and 12 hours in the 120. gmo 


_ group. The mean decreases in serum sodiuin, 










































both groups, and: serum: amaliy was s demonstrated 
to increase. slightly at 8 hours in the 80 gm of ure 


sium, and carbon. dioxide levels and the mean increz 
in serum osmolality. were 2%, 7%, 11%; and 5% 
spectively. One-way analysis of variance was used cs) 
comparisons between dosage groups. The blood. wu 
nitrogen reached significantly higher values i in the ae 
gm group than in the 80 gm of urea group at 4 and: 
hours, demonstrating i increases of 48% at 4 hours ai 
40% at 8 hours. A statistically significant but nume 
cally small (5%) decrease in carbon dioxide. leve 
the 120 gm of urea group. compared to the 80 gm ? 
urea group was demonstrated at 24 hours. There we 
no other statistically significant differences between 
groups at any time. 


Comment 


Our findings of a decreased dig fetus interval 
smaller hematocrit decrease, and increased febr ile mor 
bidity in urea- PGF... patients in comparison. to sali i 
solution abortion patients a are e similar to those of Binki A. 








et al.’ In our study, the increase in febrile E 
appeared to be found only in patients =20 weeks from 
the last menstrual period. An increase of 0.1 hospital 
day in urea-PGF,, patients in comparison to saline so- 
lution patients was also found only in patients with 
pregnancies > =920 weeks from the last menstrual period. 
It is not clear whether these factors may be another 
result of urea underdosing in the group with advanced 
gestational age. 
Previous studies have demonstrated that an intra- 

amniotic injection of 80 gm of urea produces a peak 
serum urea nitrogen concentration of approximately 
30 mg/dl at 4 hours.' Our study has found a peak blood 
urea nitrogen value of 24.6 mg/dl after an 80 gm of 
urea dose and a peak blood urea nitrogen value of 36.4 
mg/dl after a 120 gm of urea dose, indicating that the 
blood urea nitrogen peak is approximately directly pro- 
portional to the dose of urea administered. In sickle 
‘cell patients, 2 gm of urea per kilogram of body weight 
has been administered intravenously over a 3-hour pe- 
‘riod, and blood urea nitrogen concentrations up to 200 
‘mg/dl were reported without serious side effects! © 
At the University of Wisconsin up to | to 1.5 gm of 
urea per kilogram is currently used intravenously for 
management of cerebral edema or during operation 
for intracranial mass lesions.’ As much as 4.4 gm/kg 
has been administered, resulting in massive diuresis." 
In the maternal compartment, urea acts as an osmotic 
‘diuretic, producing rapid clearance of the urea. When 
‘high concentrations of urea are achieved in the pe- 
ripheral blood, intravenous administration of Huid ane 
electrolytes is necessary to prevent dehydration.” 

~~ In the monitored patients reported on here, only 
‘slight changes i in serum osmolality and electrolytes were 
noted and were consistent with the expected osmotic 
effect of the urea and the effect of the urea as an 
osmotic diuretic. The occasional occurrence of a clin- 
ically important coagulopathy in patients undergoing 
‘termination of pregnancy with prostaglandin-urea or 
“saline solution is well known."' The decreases in plate- 
5 ets and fibrinogen demonstrated by paired ¢ analysis 
-in the 80 gm of urea group also were seen but were 
less | prominent in the 120 gm of urea group, and there 
-was no change in the percentage of patients demon- 
“trating an increase in fibrin split products. No cases of 
“clinically significant coagulopathy have occurred since 
“the change in protocol. Despite the 120 gm of urea 
dose, detectable fetal heart activity persisted longer in 
the group with a gestational age of >20 weeks. More 
‘than 150 patients have been treated under the new 

















protocol with the majority >20 ieee No fetal heart a 


activity was detectable by 3 hours in any patient witha — 


pregnancy <24 weeks from the last menstrual period | 
in either group subsequent to the protocol change. The _ 
half-life of the intra-amniotic urea is approximately 3- 
hours.' If fetal heart activity is found at 3 hours, our 


protocol calls for a second intra-amniotic injection of acon 
120 gm of urea with 5 mg of PGF following removal .— 


of as much amniotic fluid as possible. The second dose | 
of urea is expected to produce higher concentrations 
of intra-amniotic urea than were produced by the first 
instillation since the residual amniotic fluid should still 
contain a higher concentration of urea than was orig- 


inally present. 
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z This case report describes the antenatal diagnosis of a fetal pulmonary anomaly. Early detection afforded 
detailed parental eae and prompt neonatal diagnosis and treatment. (Am J OBSTET GYNECOL 1985; 


151:97-8.) 


O- Key words: Fetal pulmonary cyst, ultrasound, diaphragmatic hernia 


We report a case illustrating how prenatal ultrasonic 


eee ae of a major anomaly influenced patient man- 


agement to bring about a favorable outcome. 


Case presentation | 
The patient, a 38-year-old primigravid woman, had 


a normal past medical history and initial physical ex- 


amination at 12 weeks’ gestation. Because of advanced 


o+ maternal age, an amniocentesis was recommended and 
ae performed at the sixteenth week of pregnancy. Prior 


to the amniocentesis, a standard stage I ultrasound 


+ study was carried out to date the pregnancy, rule out 


= twins, establish fetal life, localize the placenta, and de- 
~~ fine the most suitable location on the maternal abdo- 
men for amniocentesis. The results of amniotic fluid 
analysis for fetal karyotype and level of a-fetoprotein 
were normal. 

A second ultrasound examination was performed at 


. 28 weeks’ gestation to evaluate fetal growth. Although | 


the fetal head and trunk measurements were normal, 
~~ jt-was noted that the heart and mediastinum were dis- 
placed to the right side of the chest (Fig. 1). The stom- 
ach bubble could not be identified in the upper ab- 
domen. Thus, the primary diagnosis was diaphragmatic 

- hernia; the differential diagnosis included pulmonary 





a cyst and adenomatoid cystic malformation of the lung. 


_ The patient and her husband were informed about 
i te presence of a major anomaly in the fetal chest and 
‘the differential diagnosis of the abnormality. They were 


a advised that all conditions could be associated with hy- 
Be -` poplastic lungs and also that if the defect was, in fact, 
= a diaphragmatic hernia the prognosis was quite grave. 
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~ Fetal pulmonary cyst: Intrauterine diagnosis and management 

























The couple elected to continue the pregnancy and ex. 
pressed their desire to have treatment of the infant be : 
as aggressive as necessary, including cesarean section 
for fetal distress if indicated. i 
The remainder of the pregnancy was complicated by 
the development of gestational diabetes, which was well. 
controlled by diet. Ultrasound examination at 32 week: 
showed no change i in the abnormal findings. The stom- 
ach bubble was still not visualized. Weekly nonštrëss, 
tests begun at 36 weeks were reactive. r 
To facilitate attendance of a team of specialists: for 
optimal neonatal care, labor was induced with Pitocin 
at 39+ weeks of pregnancy, as defined by early ultra- 
sonic parameters. Labor progressed normally, and a 
male infant weighing T pounds, J] ounce. was deliv red 
by low forceps over a mediolateral episiotomy. Puden- 
dal anesthesia was used. oan 
The baby did not breathe spontaneously and was: 
intubated immediately. Since it was known that the i in- 
fant could be expected to have hypoplastic lungs, € 
cessive pressure with the Ambou bag was avoided so a: 
to prevent pneumothorax. No breath sounds were de- 
tected over the left aspect of the chest, and heart soune 
were audible adjacent to the right midclavicular line. 
Chest and abdominal roentgenograms showed multiple 
air-filled pockets in the left lung area, a right medias- 
tinal shift, and gas within a normally rotated colon 
within the abdomen (Fig. 2). With these findings, the 
presumptive diagnosis was a pulmonary cystic lesion. = 
The baby was transferred to C hildren’s s Memorial p 
Hospital and was taken directly to a previously pre- — 
pared operating room. With the infant under general | 
anesthesia, the pleural space was entered and a large, 
cystic, left upper lobe was seen along with a small 
but normal-appearing left lower lobe. A left upper 
lobectomy was performed. The pathologic diagnosis | 
was cystic adenomatoid malformation of the lung. After 
operation, the baby did well. At 1 year of age, height — 
was at the seventy-fifth percentile and weight at the : 
fiftieth percentile. 
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Fig. 1. Echogram showing cross section of fetal chest. Heart is markedly displaced to the right side 
by a large mass (arrows) occupying the left aspect of the chest. 





wooo Figs 2. Chest x-ray film of newborn infant. 





Comment 


This case history demonstrates not only the feasibility 
of antenatal diagnosis of remediable fetal anomalies by 
ultrasound but also the importance of detailed coun- 
seling and individualized management. The differen- 
tial diagnosis of the chest mass was presented to the 
parents, who understood that the prognosis might be 
quite unfavorable. However, they were able to make an 
informed decision based on available information and 
were emotionally prepared for the ensuing course of 
events. Furthermore, the timing of delivery was well 
controlled and expedited the attendance of a team of. 


specialists to resuscitate the infant, prevent pneumo» ` 
thorax, execute a planned battery of tests, and perform — 


immediate operation on the baby. 
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Current Development 


Calcium metabolism in pregnancy and the perinatal period: 


A review 


Roy M. Pitkin, M.D. 


Towa City, Iowa 


Calcium homecstasis is a complex process involving calcium, other involved ions, and three calcitropic 
hormones, parathyroid hormone, calcitonin, and 1,25-dihydroxyvitamin D,. The principal maternal adjustment 
during pregnancy is an increasing parathyroid hormone secretion which maintains the serum calcium 
concentration in the face of a falling albumin level, an ‘expanding extracellular fluid volume, an increasing 
renal excretion, and placental calcium transfer. The placenta transports calcium ions actively, making 

the fetus hypercalcemic relative to its mother, which in turn stimulates calcitonin release and perhaps 
suppresses paraihyroid hormone secretion by the fetus. A unique extrarenal system for 1a-hydroxylation of 
25-hydroxyvitamin D, exists in the placenta and/or decidua, providing a source of 1,25-dihydroxyvitamin 

D, for the fetus. With the abrupt cessation of the placental source of calcium at birth, the neonate’'s serum 

. calcium level falls for 24 to 48 hours, then stabilizes and rises slightly. Hyperparathyroidism during 
pregnancy causes complications in botr mother and infant and should usually be treated surgically as 
soon as diagnosed. Maternal hypoparathyroidism can be treated satisfactorily with high doses of 
supplemental calcium and vitamin D. Osteopenia accompanying long-term heparin administration may 
respond to 1,25-dihydroxyvitamin D, (calcitriol) therapy. Diabetes in pregnancy is associated with disturbed 
neonatal calcium homeostasis, perhaps due to chronic hypomagnesemia. A possible etiologic role of 
calcium deficiency in pregnancy-related hypertension has been suggested. Dietary deficiency of calcium 
and/or vitamin D during gestation may lead to several adverse effects in the newborn infant. (Am J OBSTET 


GYNECOL 1985;151:99-109.) 


Key words: Pregnancy, calcium, metabolism 


Calcium homeostasis consists in essence of the rela- 
uonship between a large pool of calcium in the skeleton 
and a much smaller pool in the extracellular fluid, mod- 
ified by input from the gastrointestinal tract and loss 
mainly from the kidney. The relationship is an extraor- 
dinarily dynamic one with exchange regulated quite 
precisely so as to maintain the serum ionic calcium level 
within narrow physiologic limits. The mechanism of 
calcium homeostasis is multifactorial, involving calcium 


itself, other related minerals such as magnesium and 


phosphorus, and three calcitropic hormones—para- 
thyroid hormone, calcitonin, and the active form of 
vitamin D, 1,25-dihydroxyvitamin Ds. 

Calcium metabolism in the pregnant woman, fetus, 
and newborn infant was the subject, of a review pub- 
lished in this JOURNAL in 1975.’ That review identified 


From the Department of Obstetrics and Gynecology, College of Med- 
icine, The University of Towa. 

Reprint requests: Roy M. Pitkin, M.D., Department of Obstetrics and 
Gynecology, University of Iowa Hospitals and Clinics, Iowa City, 
IA 52242. : 


many unanswered questions relating to both physio- 
logic and clinical aspects of the topic. Research during 
the ensuing decade has filled in a number of the gaps 
in our understanding, particularly in maternal and fetal 
physiology, and has raised new implications with re- 
spect to clinical correlations. It therefore seems appro- 
priate to again review the subject. The present consid- 
eration will focus on data accumulated over the past 
decade, with specific literature citations limited to those 
published since the earlier review. 


Maternal physiology 


During the course of gestation, the maternal organ- 
ism undergoes a remarkable series of physiologic ad- 
justments aimed at preserving maternal homeostasis 
while at the same time providing for growth and de- 
velopment of the fetus and placenta. Many of these 
adjustments have direct implications with respect to 
calcium metabolism—extracellular fluid volume ex- 
pands, renal function increases, and calcium is trans- 
ported to the fetus. The net increment in calcium 
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Fig. 1. Mean (+SD) serum levels of total and ionic calcium, 
magnesium, and albumin in 30 patients studied longitudinally 
during pregnancy and the puerperium. (Reproduced with. 
permission from Pitkin RM, Reynolds WA, Williams GA, Har- 
gis GK. Calcium metabolism during pregnancy: a longitudinal 
study. AM J OssTeT Gynecou 1979;133:781-7.) 


accumulation totals 25 to 30 gm by term, most of it 
represented by mineralization of the fetal skeleton. 
Calcium absorption, excretion, and storage. Alter- 
ations in maternal calcium metabolism begin shortly 
after conception, apparently in response to gestational 
hormones. Intestinal absorption of the mineral is en- 
hanced and the rate of bone turnover increases pro- 
gressively. Women in the third trimester have consis- 
tently positive calcium balances with some correlation 
between degree of positivity and intake levels (that is, 
+ 142 mg/day with 1 gm intake and + 305 gm/day with 
2 gm intake).? Enhanced calcium absorption during 
pregnancy in part reflects high levels of intake but the 
efficiency of absorption undoubtedly improves as well. 
The mechanism of calcium absorption involves binding 
of calcium to a specific protein (calcium-binding pro- 
tein) whose synthesis is stimulated by active forms of 
vitamin D. Thus the increased levels of 1,25-dihydroxy- 
vitamin D, associated with pregnancy (discussed in de- 
tai] below) lead to increased levels of intestinal calcium- 
binding protein and to augmented calcium absorption. 
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Urinary calcium excretion has been reported in dif- 
ferent studies both to increase and to decrease during 
late gestation. A recent large cross-sectional study’ 
found a range of 30 to 620 mg/day, with a distribution 
skewed toward high excretion (that is, 20% of third- 
trimester gravid women exceeded 350 mg/day, the 95% 
value for nonpregnant women). Moreover, calcium ex- 
cretion correlated significantly with creatinine clear- 
ance, implying that the gestational increase in glomer- 
ular filtration rate is responsible. 

Theoretically, the effect of pregnancy ‘on the mater- 
nal skeletal calcium content could be either positive or 
negative. Some degree of increased deposition has been 
demonstrated in certain lower animals (but not in 
Others), a situation which would offer certain advan- 
tages in storing calcium against the greater needs to 
come during lactation. On the other hand, it could be 
argued that many pregnant women ingest amounts less 
than those needed and therefore must subsidize the 
difference by skeletal resorption. The issue has been 
investigated by means of photon absorptiometry or x- 
ray spectrophotometry but the results appear contra- 
dictory. Parous women were found to be somewhat 
more mineralized than nulligravid women,’ suggesting 
increased storage with gestation. One longitudinal 
study’ involving measurement of bone density of the 
distal forearm noted no changes during gestation 


_whereas another® found some loss in trabecular bone 


but none in cortical bone. Thus, while the picture is 
not entirely clear, it seems likely that pregnancy per se 
exerts little influence on bone mineral content, at least 
under normal conditions. However, biochemical evi- 
dence of osteomalacia has been found in gravid women 
in whom low calcium intake is combined with the cul- 
tural practice of excluding sunlight exposure from the 
skin.7° 

Serum mineral levels. The total calcium concentra- 
tion in maternal serum characteristically declines dur- 
ing gestation, reaching a nadir during the middle third 
trimester and rising slightly thereafter. The decline 
averages about 0.25 mEq/L or 5% to 6% from the pre- 
conceptiona] level, and the pattern parallels that of se- 
rum albumin, suggesting strongly that the fall involves 
the protein-bound fraction. These relationships are il- 
lustrated in Fig. 1. Magnesium and phosphorus levels 
also tend to decline during gestation. 

The effect of gestation on maternal serum ionic cal- 
cium levels is a question of some considerable physio- 
logic significance with respect to the issue of whether 
the “physiologic hyperparathyroidism of pregnancy” is 
primary or secondary. Direct measurement of ionic cal- 
cium levels by calcium flow-through electrode has 
yielded somewhat contradictory results with most re- 
ports describing a tendency to a fall''’® but one recent 
study noting a statistically significant rise.’ All reported 
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changes, however, are small in extent, and it therefore 
appears that any gestational effect on the serum ionic 
calcium level is minimal. - | | 
Parathyroid hormone and calcitonin. Theoretically, 
increased parathyroid hormone secretion would rep- 
resent a logical maternal adjustment to.the expanding 
extracellular fluid volume and calcium loss via urinary 
excretion and placental transfer. Such does seem to be 
the case, for nearly all reported investigations'*"* '” '® 


found parathyroid hormone levels to be elevated at’ 


least at some point, usually during late pregnancy. The 
finding is not quite unanimous,'® ® but the majority 
opinion clearly is that pregnancy represents a state of 
increased parathyroid activity. The pattern and extent 
of the gestational increase in parathyroid hormone se- 
cretion are less clear. Some studies’* '’ have suggested 
that the rise is limited largely to the third trimester and 
amounts to a doubling of the nonpregnant value 
whereas others’® have described a more gradual and 
progressive increase amounting to 30% to 50% by term. 


Fig. 2 illustrates the latter type of results obtained in a 


longitudinal study. 

In theory, some increase in calcitonin secretion dur- 
ing pregnancy would seem reasonable physiologically 
in protecting the maternal skeleton from excessive 
parathyroid hormone—induced resorption while per- 
mitting the latter hormone’s gut and kidney effects to 
continue. Experimental support for this concept comes 
from findings of decreased bone density with gesta- 
tion in thyroidectomized rats.” Human studies, how- 
ever, are contradictory with no significant change re- 
ported .in one,” a consistent but usually unchanging 
elevation in others,’ and a progressive increase in 
still others.'** Fig. 2 contains data from a longitudinal 
study in which no significant change was found. _ 

Studies of calcitropic hormones during pregnancy 


have generally been limited to measurement in the’ 


basal or unstimulated state. However, responsiveness 
to provocative stimuli has been described in one 
investigation™ involving rhesus monkeys tested at three 
points during gestation and again post partum. Basal 
parathyroid hormone levels were found to be elevated 
but, somewhat surprisingly, the parathyroid hormone 
response to ethylenediaminetetra-acetic acid—induced 
hypocalcemia was less in pregnancy than in the non- 
pregnant state and tended to diminish with advancing 
gestation. Calcitonin responsiveness, by contrast, was 
greater in pregnancy than post partum and tended to 
increase with time. These findings were thought to re- 
flect different storage characteristics of the two calci- 
tropic hormones, with the net effect that of protecting 
the maternal skeleton from excessive resorption at 
times of hypocalcemia and promoting skeletal calcium 
storage when hypercalcemia occurs. 

Vitamin D. Vitamin D;, either ingested in a pre- 
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Fig. 2. Mean (+SD) levels of parathyroid hormone and cal- 
citonin in 30 patients studied longitudinally during pregnancy 
and the puerperium. (Reproduced with permission from Pit- 
kin RM, Reynolds WA, Williams GA, Hargis GK. Calcium 
metabolism during pregnancy: a longitudinal study. AM J OB- 
STET GYNECOL 1979;133:781-7.) 


formed state or synthesized in the skin by the action of 
ultraviolet light, is normally. hydroxylated in the 25- 
position in the liver to-form 25-hydroxyvitamin Dg, the 
principal circulating form of the vitamin. Pregnancy 
per se exerts little influence on serum 25-hydroxyvi- 
tamin D; levels’® °°; a slight decline in late gestation 
has been reported in some studies, ™ but the major 
determinant clearly is the amount of exposure to ul- 
traviolet light.*” ** Average values of 15 to 20 ng/ml in 
winter months double or triple during the summer.” 
25-Hydroxyvitamin D, is normally hydroxylated 
again in the la-position in the kidney to form 1,25- 
dihydroxyvitamin Ds, the biologically active form of the 
vitamin. 1,25-Dihydroxyvitamin D, levels increase sub- 
stantially during prégnancy, with nonpregnant values 
approximately doubling to the range of 75 to 100 pgy 
ml.'* 2? The principal physiologic mechanism pro- 
moting renal hydroxylation of 25-hydroxyvitamin D, 
is parathyroid hormone and it is tempting to point to 
“physiologic hyperparathyroidism” as the cause of in- 
creased 1,25-dihydroxyvitamin D, formation in the 
pregnant woman. Other hormones known to promote 
1,25-dihydroxyvitamin D, synthesis which could be re- 
sponsible are prolactin, growth hormone, and estro- 
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Table I. Mineral levels in maternal and cord serum* 





Maternal venous 
(n = 115) 






Mineral 


Ionic calcium (mEq/L) 2.23 + 0.12 
Calcium (mEq/L) 4.25 + 0.29 
Magnesium (mEq/L) ‘1.31 + 0.38 
Phosphorus (mg/dl) 4.37 + 1.61 
Albumin (gm/dl) 3.46 + 0.51 


January 1, 1985 
Am J Obstet Gynecol 





Umbilicai arterial 


(n = 79) 


Umbilical venous 
-~ (n= 115) i 





2.82 + 0.18F 2.81 + 0.17+ 
5.30 + 0.37F 5.19 + 0.27+ 
1.41 + 0.38 1.39 + 0.13 
. 5.96 + 1.26F 5.83 + 1.24f 
4.16 + 0.83+ 4.04 + 0.757 


*Data from Schauberger CW, Pitkin RM. Maternal-perinatal calcium relaticnships. Obstet Gynecol 1979;53:74. 
+ Values statistically significantly different from maternal venous levels (p < 0.05 or better). 


gen.” However, no significant statistical correlation was 
found between any of these hormones and _1,25-dihy- 
droxyvitamin D, levels in one study,” so the mechanism 
must be regarded as uncertain. 

Vitamin D forms are carried in the serum by a specific 
globulin known as D-binding protein. Levels of D-bind- 
ing protein characteristically increase during preg- 
nancy so it is not entirely clear that elevation of 1,25- 
dihydroxyvitamin D, means additional free (that is, 
biologically active) hormone. Bouillon et al.” calculated 
molar ratios to demonstrate that the free level was un- 
changed until the last month or two of gestation when 
it increased. | 


Perinatal physiology 


All studies of perinatal physiology suffer from the 
generic limitation imposed by the relative inaccessibility 
of the human fetus. Information is available from three 
potential sources: (1) measurements made on amniotic 
fluid aspirated from human pregnancies (assuming the 
amniotic sac to represent an extension of the fetal ex- 
tracellar space), (2) data from cord blood obtained im- 
mediately after birth (which are then extrapolated back 
to fetal life), and (3) studies in other species whose 
: fetoplacental relationships permit measurements to be 
made in a relatively undisturbed state. All such data 
are necessarily indirect and require certain assumptions 
in applying them to the situation in the human. Nev- 
ertheless, certain inferential conclusions with respect 
to fetal calcium homeostasis can be drawn from such 
studies. | 

Placental transfer. It has been appreciated for many 
years that the serum calcium concentration in the infant 
at birth (and therefore presumably in late fetal life) 
regularly exceeds that.of the mother, suggesting 
strongly that the mechanism of placental transfer is one 
of active transport from mother to fetus. Additional 


evidence of an active placental transfer system has been . 


provided by kinetic analysis, demonstration of an 
adenosine triphosphate—dependent system,* and cal- 
cium localization within endoplasmic reticulum and 
mitochondria of placental cells.” A specific calcium- 
binding protein; similar to or perhaps identical with 
intestinal calmodulin, has been isolated from rat’**” and 
human” placentas. 


‘In contrast to calcium, the calcitropic hormones para- 
thyroid hormone and calcitonin do not appear to cross - 
the placenta. Direct studies involving maternal para- 
thyroid hormone administration in the monkey” and 
sheep * have indicated a lack of fetal transfer. Although 
indirect suggestions of calcitonin transfer have been 
noted in the rat,’ most reports have indicated an im- 
permeability to this hormone as well. 

The evidence relating to placental permeability of 
the various forms of vitamin D‘is much more problem- 
atic, Direct studies in the sheep indicate some degree 
of transfer of both 25-hydroxyvitamin D, and 1,25- 
dihydroxyvitamin D, and suggest further that the active 
D vitamin may regulate placental calcium transport.” 
Perfusion studies of the human placenta in vitro also 
indicate some degree of transfer (greater tor 1,25-di- 
hydroxyvitamin.D, than for 25-hydroxyvitamin Ds) 
which depends principally on presence or absence of 
D-binding protein.” On the other hand; comparison of 
maternal-cord values at birth (summarized in detail be- 
low) makes it doubtful that the human placenta trans- 


ports 1,25-dihydroxyvitamin D, in vivo. 


Fetal mineral levels. Active placental transport of 
calcium ions from mother to fetus against a concentra- 
tion gradient, making the fetus hypercalcemic relative 
to its mother, represents the central feature of intra- 
uterine calcium metabolism. The levels of total and 
ionic calcium in cord blood regularly exceed those in 
maternal blood, by an average of 1 and 0.5 mEq/L, 
respectively.” Magnesium is marginally higher, and 
phosphorus substantially so, in cord blood as compared 
with maternal blood.**** 48 Representative values for 
these minerals are listed in Table I. 

Fetal parathyroid hormone and calcitonin. Assum- 
ing that the fetus responds endocrinologically in a man- 
ner similar to that of the adult, chronic fetal hypercal- 
cemia during late intrauterine life would be expected 
to suppress parathyroid hormone secretion and/or 
stimulate calcitonin release. Although the fetal para- 
thyroid glands contain identifiable hormone from 10 
weeks onward,” the status of parathyroid hormone re- 
sponsiveness during fetal life is problematic. On the 
one hand, amniotic fluid parathyroid hormone levels 
were noted to decline during late gestation® and hor- 
mone levels in cord blood significantly below maternal 
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Table II. Maternal-cord 1,25-dihydroxyvitamin D; levels 










(pg/ml) 


Bouillon et al.” 97 
Wieland et al.” 105* 
Delvin et al.* 97 
Gertner et al. 77 
Fleischman et al.” 61 
Steichen et al.”! 63 


*Read from graph. 


” 


values have been demonstrated in four studies.** 553 
On the other hand, four other reports have found cord 
levels similar to either maternal or nonpregnant adult 
values.** °*°° Furthermore, experimental induction of 
hypocalcemia in the monkey fetus has yielded conflict- 
ing results, with lack of response found in one study” 
and prompt parathyroid hormone release in another. 

An apparent failure of parathyroid hormone secre- 
tion to be suppressed by the relative hypercalcemia of 
late intrauterine life, noted in some studies of the ques- 


tion, seems paradoxical. One potential explanation in- - 


volves the possibility of anonsuppressible source of the 
hormone in utero. In this regard, it has been noted 
that parathyroid hormone levels in umbilical venous 
blood (that is, coming from the placenta), significantly 
exceed those in umbilical arterial blood (that is, from 
the fetus), suggesting a placental source of the hor- 
mone.” Another possibility is that the negative feed- 
back system governing parathyroid hormone release 
may involve a different “set point” in the fetus exposed 
to chronic hypercalcemia from that operative after 
birth. Finally, it may be that these discrepancies reflect 
the well-known difficulties in parathyroid hormone ra- 
dioimmunoassay arising from variations in immuno- 
reactivity with the various circulating forms of the 
hormone. 

The fetal status with respect to calcitonin is substan- 
tially clearer. The fetal thyroid contains immunologi- 
cally identifiable calcitonin throughout most of intra- 
uterine life,” and acute studies in rhesus monkeys have 
demonstrated hormone release in response to the pro- 
vocative stimuli calclum and glucagon.” Moreover, 
reported calcizonin measurements in cord blood sig- 
nificantly exceed maternal or adult values in all re- 
ports? * 51, 52, 356, 6183 except one.” One study“ found 
umbilical venous levels to significantly exceed umbilical 
arterial values (with the difference limited to female 
infants), leading to the suggestion of the possibility of 
a placental source of the hormone. In the rat, placental 
calcitonin levels were higher than serum values and 
decreased over the last half of gestation,” findings con- 
sistent with placental elaboration. 

Vitamin D. Three forms of Vitamin D are of interest 


1 ,25-Dthydroxyvitamin D; 
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Fetal/maternal 






Correlation 
ratio 
p < 0.001 0.49 
p < 0.001 0.48 
NS 0.58 
p < 0.001 0.75 
NS 0.41 
NS 0.30 


during fetal life—25-hydroxyvitamin D, (the principal 
circulating form), 24,25-dihydroxyvitamin D, (a rela- 
tively inactive metabolite), and 1,25-dihydroxyvitamin 


D; (the most active biologic form). All have been iden- 


tified in amniotic fluid in levels 5% to 10% of human 
serum values.” 

Cord blood levels of 25-hydroxyvitamin D, have been 
reported in a number of studies which consistently in- 
dicate values 20% to 30% lower than concomitant ma- 
ternal measurements and significantly correlated with 
them.*® # 51. 52. 53. 6668 Such a relationship, coupled with 
findings from direct placental transfer studies sum- 
marized previously, implies that transfer of this metab- 
olite from mother to fetus occurs relatively freely. » 

Placental transfer of 1,25-dihydroxyvitamin D; ap- 
pears to be another matter. From the six publications 
listed in Table II,*° * ** °” it can be seen that cord 
levels amounted to only about half of maternal values 
and, moreover, statistically significant correlations be- 
tween the two circulations were found in only three of 
the six reported studies. Thus, any free transfer of 1,25- 
dihydroxyvitamin D, by the placenta seems ques- 
tionable. 

Several recent studies have documented a capacity 
for la-hydroxylation of 25-hydroxyvitamin D, in the 
nephrectomized pregnant rat.” These observations 
are particularly interesting because in the adult animal 
the kidney is the only site of la-hydroxylation of 
25-hydroxyvitamin Ds. At least in the sheep, the fetal 
kidney lacks la-hydroxylase activity," suggesting that 
extrarenal sources provide all of the fetal supply of 
1,25-dihydroxyvitamin Ds. A capacity for la-hydrox- 
ylation has been documented in in vitro studies of the 
rat placenta” and the human decidua and placenta,” 
indicating the existence of a unique physiologic system 
in utero which may account for the complexities and 
uncertainties surrounding vitamin D metabolism in the 
fetoplacental unit. 

Transition to neonatal life. At birth, the fetus-cum- 
neonate is certainly hypercalcemic, probably hypercal- 
citonemic, and perhaps hypoparathyroid. With placen- 
tal separation, the previously abundant supply of 
calcium ceases abruptly and the infant’s serum calcium 


104 Pitkin 






January 1, 1985 
Am J] Obstet Gynecol 


Mother Fetus Newborn 
Ca low high talis 
Ca** low-normai high . falis 
Mg st low high-normal |} falls 
P low high rises 
PTH high ————» EE j æ? ~ Jį rises 
CT ? N A et High talis 
25-0HD3 variable varlabie variable 
1,25-{OH),D, high ———> K A j a-low low 





Fig. 3. Schematic model of calctum homeostasis in the pregnant woman, fetus, and newborn infant. 


level begins to fall, reaching a nadir between 24 and 
48 hours of age when it is about 1 mEq/L below that 


at birth. Thereafter, it rises slightly to stabilize at adult 


levels by 5 to 7 days of age. These changes involve both 
total and ionic forms of calcium.” 

Phosphate levels fall slightly over the first day or two 
after birth but remain relatively high, and may even 
increase, during the first week of life. Changes in phos- 
phorus are influenced strongly by dietary factors with 
higher values when feeding is delayed (because of tissue 
catabolism) or cow’s milk is given. Magnesium exhibits 
considerable variation but generally remains fairly 
constant. 

Endocrine factors are believed to play a major role 
-in calcium homeostasis in the newborn infant. The tra- 
ditional concept is that parathyroid suppression resid- 
ual from late fetal life disappears gradually, ultimately 
permitting a progressive increase in parathyroid hor- 
mone output which first stabilizes and then raises the 
serum calcium level. However, as summarized earlier, 
the status of the fetal parathyroid is uncertain, and it 
therefore seems unlikely that simple suppression is re- 
sponsible. The situation is likely to be much more com- 
plex, perhaps involving such factors as hypercalcito- 
nemia®* * or altered parathyroid hormone end-organ 
responsiveness” or factors related to 1,25-dihydroxy- 

vitamin D, synthesis.®* ® 


Prenatal factors influencing calcium homeostasis in 


the normal term newborn infant were examined by 
stepwise multiple regression analysis with the serum 
calcium levels at 24 hours of age as the dependent 
variable and a large number of clinical and laboratory 
characteristics entered as independent variables.*° The 
only clinical variable of statistical significance was du- 
ration of gestation; in addition, six laboratory values 
(maternal parathyroid hormone and phosphorus, um- 
bilical venous parathyroid hormone and magnesium, 
and neonatal magnesium and albumin) contributed sig- 
nificantly to the model. However, these seven indepen- 
dent variables in aggregate accounted for only 35% of 
the observed variation in neonatal serum calcium levels, 
implying that most of the fluctuation reflects factors 
operative after, as opposed to before, birth. 

Early neonatal hypocalcemia, generally regarded as 


a fall below 3.5 mEq/L in total or 1.25 mEq/L in the 
ionic calcium level, is a relatively common neonatal 
complication, seen particularly with preterm birth,” 
maternal diabetes,” and birth asphyxia.” It is believed 
to represent an éxaggeration of the normal pattern but, 
since the basis of the physiologic pattern is unclear, the 
pathophysiologic mechanism is also uncertain. 


Summary of maternal-perinatal physiology 


Fig. 3 summarizes the mechanisms of calcium ho- 
meostasis in the pregnant woman, fetus, and newborn 
infant. The principal maternal adjustment during 
pregnancy. is increasing parathyroid hormone secretion 
which maintains the serum ionic calcium level within 
its characteristically narrow physiologic range in the 
face. of extracellular fluid volume expansion, renal 
function increase, and placental calcium transfer. Cal- 
citonin levels may or may not increase as well. Serum 
25-hydroxyvitamin D, values are unaffected by preg- 
nancy itself but 1,25-dihydroxyvitamin D, levels in- 
crease, perhaps as an effect of parathyroid hormone. 
The cardinal feature of calctum metabolism in the fetus. 
is the active placental transport of large quantities of 


_ calcium, whereas parathyroid hormone and calcitonin 


do not cross the placenta. Theoretically, the resultant 
fetal hypercalcemia should suppress the fetal parathy- 
roid and/or stimulate fetal calcitonin release; the latter 
is probably correct but evidence with respect to the 
former point is conflicting. 25-Hydroxyvitamin D, ap- 
pears to cross the placenta freely but the placental per- 
meability of 1,25-dihydroxyvitamin D; is questionable. 
With birth, the placental source of calcium terminates 
abruptly and the serum calcium level declines, perhaps 
aggravated by hypoparathyroidism and/or hypercalci- 
tonemia residual from fetal life. After reaching a nadir 
between 24 and 48 hours of age, the neonatal calcium 
level stabilizes and then rises slightly to adult levels. 


Clinical aspects 


Maternal hyperparathyroidism. Primary hyperpara- 
thyroidism, a rare complication of pregnancy with ` 
fewer than 100 cases reported to date,®® is usually due 
to parathyroid adenoma, although carcinoma has been 
observed on occasion.” The diagnosis should be sus- 
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pected with the demonstration of persistently elevated 
serum calcium levels coupled with low serum and high 
urinary values of phosphorus. Parathyroid hormone 
values are usually elevated but may be within the nor- 
mal range; in any event, however, they are inappro- 
priate to the calcium level. In view of the physiologic 
adjustments of gestation, the diagnostic criteria need 
to be adjusted slightly in the pregnant woman (that is, 
lower serum total calcium and phosphorus and higher 
parathyroid hormone values). Gestation, with its in- 
creased calcium demands, may exacerbate primary hy- 
perparathyroidism.” 

Complications affect both mother and fetus-neonate. 
Maternal problems, particularly hyperemesis gravida- 
rum, generalized weakness, renal calculi, pancreatitis, 
and psychiatric disorders, occur in at least a third of 
cases. Spontaneous abortion is more likely and fetal 
death in late gestation occurs with greatly increased 
frequency. 

The most common neonatal complication is hypo- 
calcemic tetany, reported in half or more of infants 
born to affected gravid women. In fact, the unexpected 
occurrence of neonatal tetany often provides the initial 
diagnostic clue to the maternal disease. The mechanism 
is generally regarded as involving prolonged fetal para- 
thyroid suppression from chronic maternal-fetal hy- 


percalcemia. However, this may be an overly simplistic 


view, for in some instances affected infants have been 
found to have normal or even elevated parathyroid 
hormone levels,” ” suggesting that other factors (for 
instance, hypomagnesemia, end-organ refractoriness 
to parathyroid hormone, or defective 1,25-dihydroxy- 
vitamin D, synthesis) may be involved. 

The primary treatment of hyperparathyroidism is 
surgical and most authorities recommend prompt ex- 
ploration once the diagnosis is made, even if the preg- 
. nant woman is asymptomatic.®® A recent tabulation 
of reported experience® revealed a 26% pregnancy loss 
(abortion, stillbirth, or neonatal death) rate and a 33% 
frequency of neonatal calcium disturbance among 61 
patients not operated upon compared with 6% and 0%, 
respectively, in 16 women who underwent parathy- 
roidectomy during gestation. In one reported case, am- 
niocentesis was done before and after operation; cal- 


cium levels fell by half and parathyroid hormone values. 


doubles within a week after operation.” Recently, how- 
ever, questions have been raised about the need for 
operation in asymptomatic cases and it has been sug- 
gested that conservative management may be prefer- 
able.® °° As an alternative to surgery, oral phosphate 
therapy has been found to provide some degree of 
relief of maternal hypercalcemia.” 

Maternal hypoparathyroidism. Hypoparathyroid- 
ism, usually resulting from inadvertent parathyroid- 
ectomy with thyroid surgical procedures, is relatively 
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‘rare. The principal fetal effect, observed with both hy- 


poparathyroidism and pseudohypoparathyroidism in 
the pregnant woman, is secondary hyperparathyroid- 
ism and bone demineralization. Maternal treat- 
ment involves supplemental calcium and vitamin D, 
typically in daily doses of 3 to 5 gm and 100,000 IU, 
respectively. With the recent availability of 1-25-dihy- 
droxyvitamin D, or calcitriol, this agent has been used 
with good results; dosages usually need to be increased 
(from 0.5 to 1 g/day to 2 to 3 g/day) to maintain 
the maternal serum calcium level with advancing ges- 
tation.'*: 105 

Concern has been expressed in the past about pos- 
sible adverse fetal effects of large doses of vitamin D 
during pregnancy. Administration of = 10,000 IU daily 
to pregnant rabbits caused hypercalcemia and supra- 
valvular aortic stenosis’ but no such effect has been 
reported in humans. In one case of vitamin D-resistant 
rickets, a pregnant woman was given 17 to 36 wg of 
1,25-dihydroxyvitamin D, daily (approximately 10 
times the customary dose); her infant had high blood 
levels but was otherwise normal.’°’ 

Heparin-induced osteopenia. Long-term use of hep- 
arin in the pregnant woman for treatment of throm-. 
boembolic or other disease has led to maternal osteo- 
penia in some cases. The mechanism apparently 
involves a lowering of 1,25-dihydroxyvitamin D, levels 
by inhibiting renal la-hydroxylation of 25-hydroxyvi- 
tamin D,'™ ° Thus, it may be that the patient on a 
regimen of long-term heparin therapy should be 
treated with supplemental calcitriol. 

Diabetes mellitus. The well-known association be- 
tween maternal diabetes and early neonatal hypocal- 
cemia suggests that something about the metabolic state 
in the diabetic gravid woman affects the fetus in such 
a way as to impair its calcium homeostatic mechanism 
in the first few hours after birth. 

Heath et al.'’ found no differences in calcium or 
calcitropic hormone levels with diabetes in nonpreg- 
nant subjects. However, Cruikshank et al.'’ reported 
that diabetic gravid women exhibited persistently low 
serum magnesium levels throughout most of gestation 
and failed to demonstrate the normal increase in para- 
thyroid hormone levels; total and ionic calcium values 


_ were unaffected. These same investigators, in another 


study," noted parathyroid hormone and calcium in 
cord blood and neonatal calcium at 24 hours all to be 
lower in diabetic women compared with normal ones. 
They hypothesized a state of chronic maternal hypo- 
magnesemia leading to relative hypoparathyroidism in 
both mother and fetus with resultant propensity to hy- 
pocalcemia. Consistent with this theory are reports 
from other sources that infants of diabetic mothers are 
hypomagnesemic as well as hypocalcemic and that mag- 
nesium treatment corrects both abnormalities,” 15 u4 


106 Pitkin 


Also consistent, in a negative way, is the finding that 
vitamin D administration to newborn infants prevents 
hypocalcemia with birth asphyxia but not with maternal 
diabetes." 

A different suggestion regarding hypocalcemia with 
maternal diabetes is that it involves hypoglycemia-stim- 
ulated glucagon release which in turn stimulates cal- 

‘citonin secretion.''® 

Hypertension. Considerable current interest in hy- 
pertension in general involves a possible relationship 
with calcium. Belizan and Villar'’’ and Villar et al." 
have examined this matter with respect to preeclampsia 
and have made several interesting observations. Using 
epidemiologic data, they pointed out that the incidence 
of eclampsia varies inversely with calcium intake. In 
experimental studies, they observed further that cal- 
cium-deprived rats exhibited blood pressure rises dur- 
ing gestation"? and that normal women given supple“ 
mental calctum had lower arterial pressures than 
unsupplemented gravid women.'”° 
‘ Low serum ionic calcium levels have been noted in 
nonpregnant subjects with hypertension, ™ and a study 
of calcium metabolism in pregnant women with essen- 


tial hypertension found lower ionic calcium and para- | 


thyroid hormone levels and higher phosphorus values 
in comparison with values in gestational age—matched 
_ control subjects.'*? Another investigation, however, 
found no differences in total or ionic calcium or phos- 


` phorus with respect to either acute or chronic hyper- _ 


tensive disorders of pregnancy.” 

Regardless of any possible pathogenetic role for cal- 
chum in pregnancy-related hypertension, the standard 
treatment for acute preeclampsia-eclampsia—magne- 
sium sulfate—has certain clear implications for calcium 
homeostasis. Several studies by Cruikshank et al.'** 13 
indicate that intravenous infusion at customary doses 
(4 gm loading dose followed by 1 to 2 gm/hr) raises thé 
maternal serum magnesium level by approximately 
150% and lowers serum calcium by an average of 
16%," the latter as the result of increased urinary 
. excretion.’ Symptomatic maternal hypocalcemia, 
however, occurs rarely," probably because maternal 
parathyroid hormone secretion increases markedly.’ 
' Infants born to magnesium-treated women are hypo- 
“magnesemic and hypocalcemic at birth but less so than 
their mothers because of a protective effect of the pla- 


centa.'** Excess magnesium is cleared by the infant over 


48 hours and the risk of hypocalcemia is- not in- 
creased.'” Breast-feeding is not contraindicated by ma- 
. ternal magnesium therapy.'”° 


Dietary conditions. A number of studies have dem- 


onstrated an apparent benefit of calcium and/or vita- 
min D supplementation on growth,' bone den- 
_ sity,* ®'and calcium homeostasis?" in the fetus and 
newborn infant. These studies typically involved Asian 
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women in whom a low dietary intake combined with 


clothing practices results in a marginal vitamin D status. 


Whether routine dietary supplementation confers any 
benefit in other populations is unclear. 

The occurrence of leg cramps in the pregnant 
woman has been believed by some to reflect transient 
hypocalcemia due to low calcium and/or high phos- 
phate intake and supplemental calcium (in the form of 
a nonphosphate salt) has been used widely. In a recent 
report, women with leg cramps randomly assigned to 
calcium therapy experienced symptomatic relief, but 
no significant effect was exhibited on serum ionic cal- 
cium levels.'* 
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Placental prostacyclin production in normal and toxemic . 


pregnancies 


Scott W. Walsh, Ph.D., Michael J. Behr, M.S., and Neil H. Allen, M.D. 


East Lansing and Lansing, Michigan 


Prostacyclin is a potent vasodilator and inhibitor of platelet aggregation. Because toxemia is characterized 
by increased vasoconstriction frequently associated with increased platelet aggregation and reduced 
uteroplacental blood flow, a deficiency in prostacyclin production during pregnancy could contribute to the 
development of toxemia. Placentally produced prostacyclin could have both local effects on the 
uteroplacental vasculature and systemic effects because prostacyclin, unlike the other prostaglandins, is 

= not extensively metabolized by the lungs. Fresh human term placentas were obtained immediately 

after delivery from 12 normal and 12 toxemic (blood pressure 2140/90 mm Hg, urinary protein >0.3 gm/ 
24 hours) pregnancies. Tissues (300 mg) were incubated in a sterile manner in 5 ml of Dulbecco’s 
Modified Eagle’s Medium for 48 hours at 37° C with 95% oxygen and 5% carbon dioxide in a metabolic 
shaker. Samples were collected at 8, 20, 32, and 48 hours, and analyzed for prostacyclin by 
radioimmunoassay of its stable metabolite, 6-keto-prostaglandin F,,. Prostacyclin production was significantly 
decreased in toxemic placental tissue compared with normal placental tissue ‘2.72 + 0.49 versus 

7.22 + 0.44 pg/mg/hr, mean + SE, p < 0.01). In both normal and toxemic placentas, prostacyclin 
production was inhibited by indomethacin (5 or 50 pmol/L) and not affected (p > 0.10) by arachidonic acid 
(5 or 100 pmol/L). Lowering the oxygen concentration from 95% to 20% significantly (p < 0.01) decreased 
prostacyclin production in norma! but not toxemic placentas. Prostacyclin production rates in the amnion 
and chorion were not affected (p > 0.10) by toxemia. The amniotic and chorionic prostacyclin production 
‘rates were not different from each other (p > 0.10) and were only one seventh of the normal placental 
production rate. These data indicate that placental prostacyclin production is decreased in toxemia; therefore, 
this vasoactive prostaglandin may be involved in the causation and the associated hypertension and 
coagulation abnormalities of this disorder. (AM J OBSTET GYNECOL 1985;151:110-5.) 


Key words: Placenta, prostacyclin, toxemia, pregnancy, hypertension 


Toxemia is characterized by increased vasoconstric- 
tion frequently associated with increased platelet ag- 
gregation and reduced uteroplacental blood flow.’ ? 
Because prostacyclin is a potent vasodilator and an in- 
hibitor of platelet aggregation,’ defective. prostacyclin 
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production could contribute to the development of 
toxemia. l 

During normal pregnancy the production of pros- 
tacyclin is increased because maternal plasma concen- 
trations of its stable metabolite, 6-keto-prostaglandin 
F,, (6-keto-PGF,,), and its urinary metabolites are 
higher during late pregnancy than during early preg- 
nancy or the nonpregnant state. ë In pregnancy-in- 
duced hypertension, prostacyclin production is appar- 
ently decreased but production rates have not been 
critically examined. Urinary metabolite concentrations 
of prostacyclin are-depressed in toxemic pregnancies.” 
Prostacyclin-like activity in amniotic fluid .is also 
decreased® as are the concentrations of amniotic fluid 
6-keto-PGF,,.” Studies examining the production of 
prostacyclin by vascular tissue also suggest that de- 
creased prostacyclin production is involved in tox- 
emia.*!! Plasma levels of prostacyclin have been re- 
ported to be either decreased” or unchanged." 
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Fig. 1. Production rates of prostacyclin by normal and tox- 
emic placental tissue, as estimated by the concentrations of its 
stable metabolite, 6-keto-PGF,,, in the incubation media. Nor- 
mal versus toxemic production rate = 7.22 + 0.44 versus 
2.72 + 0.49 pg/mg of wet tissue per hour, p < 0.01: Data rép- 
resent mean + SE (n = 12). 


The source of the additional prostacyclin during nor- 
mal pregnancy is not known, but because the placenta 
is unique to pregnancy and produces prostacyclin" it 
is likely that it is responsible. Since prostacyclin is not 
extensively metabolized by the lungs, as are the other 
prostaglandins,’* placentally produced prostacyclin 
could have both local and systemic effects. Because pla- 
cental production of prostacyclin has not been exam- 
ined in toxemia, this study was undertaken. 


Material and methods 


Term placentas were obtained within 15 minutes of 
delivery from 12 healthy, normotensive women and 
from 12 women with clinically diagnosed toxemia. A 
mixture of vaginal and cesarean deliveries was in- 
cluded in each group. The following criteria were used 
for the normal pregnancies: (1) maternal blood pres- 
sure (systolic/diastolic) <110/70 mm Hg; (2) no pro- 
teinuria; (3) gestational length between 36 and 43 
weeks; (4) labor duration <18 hours for primigravid 
women and <12 hours for multigravid women; (5) no 
overt medical complications, such as diabetes, chronic 
infection, or metabolic, endocrine, nutritional, or he- 
matologic complications; (6) no neonatal abnormalities, 


such as developmental defects, abnormal Apgar scores . 


(l--and 5-minute tests), or birth weights <2.5 kg or 
>4.5 kg; (7) no third-trimester bleeding; (8) no gross 
placental abnormalities; (9) no positive findings at high- 
risk antenatal assessment; (10) No oligohydramnios or 
polyhydramnios; (11) no or minimal alcohol consump- 
tion or smoking during pregnancy. The same criteria 
were used to assess the toxemic pregnancies with the 
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Fig. 2. Effects of indomethacin (5 pmol/L) (n = 4) and ar- 
achidonic acid (5 or 100 pmol/L) on prostacyclin production 
by normal (n = 4) and toxemic (n = 5) placental tissue. Pros- 
tacyclin production was significantly (p < 0.01) inhibited by 
indomethacin but not affected (p > 0.10) by arachidonic acid 
in either normal or toxemic placentas. Data represent 
mean + SE. 


addition of two requirements: (1) maternal blood pres- 
sure (systolic/diastolic) 2140/90 mm Hg on two sepa- 
rate readings 6 hours apart and (2) proteinuria, with a 
urinary protein level >0.3 gm per 24-hour urine col- 
lection. 

Placental tissues were immediately chilled and pro- 
cessed under strict sterile conditions at 4° C. Placental, 
amniotic, and chorionic tissues were separated, minced 
and washed repeatedly with buffer. Excess buffer was 
removed with filter paper. Each tissue (300 mg) was 
incubated in quadruplicate in 5 ml of Dulbecco’s Mod- 
ified Eagle’s Medium (Gibco, Grand Island, New York) 
for 48 hours at 37° C in a Dubnoff metabolic shaker. 
Tissues were oxygenated with 95% oxygen and 5% car- 
bon dioxide. Some tissues were also gassed with a lower 
mixture of oxygen, that is, 20% oxygen, to assess the 
effect of the oxygen tension on prostacyclin produc- 
tion. Partial pressures and hydrogen ion concentrations 
in the incubation media were consistent at approxi- 
mately Po, = 250 mm Hg, Pco, = 20 mm Hg, and 
pH =.7.50. Reducing the oxygen concentration to 20% 
reduced the Po, to approximately 70 mm Hg. Indo- 
methacin and arachidonic acid were obtained from 
Sigma Chemical Company, St. Louis, Missouri. 

Samples (120 pl) were collected at time 0 and at 8, 
20, 32, and 48 hours of incubation. The production of 
prostacyclin was estimated by determining the concen- 
trations in the incubation media of one of its stable 
metabolites, 6-keto-PGF,,. A highly specific radioim- 
munoassay was used. Briefly, the assay consisted of 
competitive binding of radioactive and natural 6-keto- 
PGF,, to a highly specific antibody. Dextran-coated 
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Fig. 3. Production rate of prostacyclin by normal placental 
tissue gassed with 95% or 20% oxygen. The production rate 
was significantly lower (p < 0.01) in tissue gassed with 20% 
oxygen. Data represent mean + SE (n = 5). 


charcoal was used to separate the bound fraction from 
the free fraction. The antibody was obtained from Ser- 
agen, Inc., Boston, Massachusetts, and radioactive 6- 
keto-PGF,, from New England Nuclear, Boston, Mas- 
sachusetts. Cross-reactivity of the antibody with other 
possible interfering eicosanoids was: prostaglandin Fa, 
7.8%; 6-keto-prostaglandin E,, 6.8%; prostaglandin F.,,, 
2.2%; prostaglandin E,, 0.7%; prostaglandin E,, 0.6%; 
prostaglandins D», A», Ar, B,, and Bo, thromboxane B», 
15-keto-prostaglandin Fə, 15-keto-prostaglandin Fo, 
13,14-dihydro-15-keto-prostaglandin E,, and 13,14- 
dihydro-15-keto-prostaglandin F,,, all <0.01%. Within- 
assay variation was 7.5% and between-assay variation 
was 11.9%. The least detectable concentration was 
20 + 5 pg and 50% binding of the standard curve was 
131 + 5 pg (mean + SE, n = 8). Serial sample dilu- 
tions were parallel to the standard curve (slope com- 
parisons: p > 0.10) and addition of increasing amounts 
of 6-keto PGF, to Dulbecco’s Modified Eagle’s Medium 
resulted in a linear dose response (r* = 1.00, b = 0.87, 
a = 0.01). Dulbecco’s Modified Eagle’s Medium alone 
resulted in a zero dose response. 

Tissue viability after 48 hours of incubation was as- 
sessed by trypan blue exclusion staining of trypsinized 
dispersed cells. Cells were dispersed with a 0.25% tryp- 
sin—ethylenediaminetetra-acetic acid solution (Gibco) 


for 60 minutes under constant agitation at 37° C with | 


95% oxygen and 5% carbon dioxide. After centrifu- 
gation at 100 x g for 15 minutes, the cellular pellet 
was resuspended in 0.5 ml of 0.1 mol/L of phosphate- 
buffered saline with 120 wl of a 0.4% solution of trypan 
blue (Gibco). After 5 minutes incubation, the cells were 
separated by centrifugation, resuspended in 0.5 ml of 


NORMAL 
_ (20% OXYGEN) 


January 1, 1985 
Am J Obstet Gynecol 


250 
PLACENTA 
200 
m  TOXEMIC (95% OXYGEN) 
@ TOXEMIC (20% OXYGEN) 
150 


100 


qn 
© 


6—keto PGF1, (pg/mg wet tissue) 


© 





0 12 24 36 48 60 
HOURS OF INCUBATION 


Fig. 4. Production rate of prostacyclin by toxemic placental 
tissue gassed with 95% or 20% oxygen. The production rates 
were not significantly different (p > 0.10). Data represent 
mean + SE (n = 5). 


phosphate-buffered saline, and examined microscopi- 
cally for cell membrane integrity and exclusion of dye. 


_ Differences between normal and toxemic placental hor- 


mone productions were statistically assessed by linear 
regression and analysis of variance with the Student- 
Newman-Keuls test.'° Data were expressed as pico- 
grams per milligram of wet tissue per hour. 


Results 


There were no significant differences (p > 0.10) be- 
tween normal and toxemic pregnancies for placental 
weights (544 + 37 versus 521 + 53 gm, respectively, 
mean + SE, n = 12), infant weights (3.55 + 0.17 ver- 
sus 3.04 + 0.14 kg), weeks of gestation at delivery 
(40 + 1 versus 39 + 1), age of the mothers (24 + 2 
versus 25 + 2 years), weight gain of the mothers 
(31 + 5 versus 38 + 6 pounds), and Apgar scores of 
the infants (9 + 1 versus 9 + 1). All infants were 
healthy. Tissue viability as assessed by trypan blue ex- 
clusion staining was >95% after 48 hours of incuba- 
tion in both the normal and the toxemic groups. In 
each group there were eight vaginal deliveries and four 
cesarean sections with two of the patients not yet in 
labor. The time in labor for the other women was 
6.7 + 0.9 versus 8.8 + 1.2 hours (normal versus tox- 
emia, n = 10, p > 0.10). Time in labor was not cor- 
related with prostacyclin production (r = 0.002). Four 
of the normal patients and 11 of the toxemic patients 
were primigravid. Three of the toxemic patients had 
severe toxernia (systolic/diastolic =170/110 mm Hg.) 

The production of prostacyclin by normal placental 
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Fig. 5. Amniotic production rate of prostacyclin by nor- 
mal and toxemic tissue. Normal versus toxemic production 
rates were not significantly different (0.98 + 0.29 versus 
0.82 + 0.17 pg/mg of wet tissue per hour, p > 0.10). Data 
represent mean + SE (n = 8). 


tissue, as estimated by 6-keto-PGF,,, is shown in Fig. I. 
The concentrations of 6-keto-PGF,,, in the incubation 
media increased progressively and in a linear fashion 
during the 48 hours of incubation. They were signifi- 
cantly elevated at 8 hours, and again at 20, 32, and 48 
hours (p < 0.01). Peak levels after 48 hours, averaged 
346 pg/mg. The production rate was 7.22 + 0.44 pg/ 
mg/hr (mean + SE, n = 12) or approximately 94 ug/ 
day. l 
In comparison to production by normal tissue, the 
production of prostacyclin by toxemic placentas was 
considerably depressed (Fig. 1). The concentrations of 


6-keto-PGF,. were significantly lower than those from - 


normal! placentas at 8, 20, 32, and 48 hours (p < 0.01). 
Peak levels at 48 hours averaged only 128 pg/mg com- 
pared to 346 pg/mg for normal placentas. The pro- 
duction rate for the toxemic placentas was only 
2.72 + 0.49 pg/mg/hr (mean + SE, n = 12), and this 
was significantly less than the preduction rate of the 
normal placentas of 7.22 pg/mg/hr (p < 0.01). Whitish 
infarcted areas in some of the toxemic placentas were 
also separated and incubated. The infarcted tissue also 
produced prostacyclin (4.01 + 0.38 pg/mg/hr, n = 4). 

To assure we were measuring prostacyclin produc- 
tion rather than tissue release and to assure that our 
production rates were not limited as the result of pre- 
cursor availability, some tissues were incubated in Dul- 
becco’s Modified Eagle’s Medium with varying concen- 
trations of indomethacin or arachidonic acid. Complete 
inhibition of prostacyclin production was produced by 
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Fig. 6. Chorionic production rate of prostacyclin by nor- 
mal and toxemic tissue. Normal versus toxemic production 
rates were not significantly different (0.95 + 0.38 versus 
0.69 + 0.21 pg/mg of wet tissue per hour, p > 0.10). Data 
represent mean + SE (n = 8). 


50 pmol/L of indomethacin, whereas 5 pmol/L of in- 
domethacin allowed a slight amount to be produced 
(0.27 + 0.14 pg/mg/hr, n = 4) (Fig. 2). Addition of 
arachidonic acid (5 or 100 pmol/L) did not significantly 
affect prostacyclin production (p > 0.10) in either nor- 
mal or toxemic placentas (Fig. 2). There was no dif- 
ference between the two dose levels. The production 
rates in normal placentas with and without arachidonic 
acid were 4.38 + 0.19 versus 6.33 + 1.26 pg/mg/hr 
(n = 4), and those in toxemic placentas were 
3.62 + 0.63 versus 3.02 + 0.68 pg/mg/hr (n = 5), re- 
spectively. 

To assess the requirement of oxygen for prostacyclin 
production, we gassed some tissues with a lower per- 
centage of oxygen. Reducing the oxygen concentration 
from 95% to 20% significantly decreased prostacyclin 
production in normal placentas (7.55 + 0.77 versus 
3.09 + 0.39 pg/mg/hr, n = 5, p < 0.05) but not in tox- 
emic placentas (2.08 + 0.54 versus 1.80 + 0.45 pg/mg/ 
hr, n = 5, p > 0.10) (Figs. 3 and 4). 

Prostacyclin production rates in the amnion and cho- 
rion were not affected (p > 0.1 0) by toxemia (Figs. 5 
and 6). Production rates in the amnion in normal ver- 
sus .toxemic pregnancies were 0.98 + 0.29 versus 
0.82 + 0.17 pg/mg/hr, n = 8 and in the chorion were 
0.95 + 0.38 versus 0.69 + 0.21 pg/mg/hr, n = 8. Am- 
niotic and chorionic prostacyclin production rates were 
not significantly different from each other (p > 0.10), 
but they were significantly less than the placental pro- 
duction rates (p < 0.01). For example, in the normal 
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pregnancies the amnion or chorion produced only one 
seventh as much prostacyclin as the placenta. 


Comment 


Prostacyclin production by toxemic placentas was sig- 
nificantly Jess than that produced. by normal placentas 
(Fig. 1). The toxemic production rate was approxi- 
mately one third the normal production rate. Because 
prostacyclin is a potent vasodilator and an inhibitor of 
platelet aggregation,’ defective production by the tox- 


emic placenta could contribute to the clinical manifes-. 


tations of this disorder. Placentally produced prosta- 
cyclin could have both local and systemic effects because 
it is not extensively metabolized by the lungs." 

Other than prostacyclin production and the clinical 
signs of toxemia, the normal and toxemic groups were 
similar. There were no significant differences between 
normal and toxemic pregnancies for placental weights, 
infant weights, weeks of gestation at delivery, number 
of vaginal versus cesarean section deliveries, time in 
labor, age of the mothers, weight gain of the mothers, 
Apgar scores of the infants, and tissue viability. All 


infants were healthy. The presence of more areas of , 


infarction in the toxemic placentas compared to the 
normal placentas also cannot account for the decreased 
prostacyclin production in toxemia because these areas 
also produced prostacyclin. Therefore, the decreased 
prostacyclin production by the toxemic placentas is a 


result of or a cause of the disorder and not due ‘to 


nonspecific factors. 

To establish that the concentrations of 6-keto-PGF,, 
in the incubation media represented prostacyclin pro- 
duction and not release, we added indomethacin io the 
incubation media. In each case indomethacin inhibited 
any increase in 6-keto-PGF,, (Fig. 2). Therefore, con- 
centrations of 6-keto-PGF,, in the incubation media 
represent prostacyclin production and not release. 

Studies were also done to determine if decreased 
prostacyclin production in toxemia is related to pre- 
cursor availability and to determine if sufficient pre- 
cursor is available in the placenta to sustain prostacyclin 
production during 48 hours of in vitro incubation. Ad- 
dition of arachidonic acid to the incubation media ini- 
tially enhanced prostacyclin production, probably be- 
cause the arachidonic acid in the media was readily 
available for conversion, but it did not substantially af- 
fect prostacyclin production over the 48-hour period 
of incubation in either normal or toxemic placentas 
(Fig. 2). Therefore, precursor availability is not a lim- 
iting factor and cannot account for the difference in 
prostacyclin production by normal and toxemic pla- 
centas. 

Because prostacyclin synthase requires oxygen to 
convert prostaglandin endoperoxide to prostacyclin,” 
we examined prostacyclin production in two different 
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oxygen environments. Reducing the oxygen concen- 
tration from 95% to 20% significantly decreased pros- 
tacyclin production in normal tissue but not in toxemic 
tissue (Figs. 3 and 4). This suggests that defective pros- 
tacyclin production in toxemia may be due in part to 
limited availability of the prostacyclin-forming enzyme, 
that is, lower oxygen concentration was sufficient to 
activate all of the prostacyclin synthase present in the 
toxemic placental tissue but not in the normal placental 
tissue. 

Studies examining the production of prostacyclin 
solely by vascular tissue also indicate that decreased 
prostacyclin production is involved in toxemia. In 1980, 
Remuzzi et al. using a bioassay reported that prosta- 
cyclin production was decreased in umbilical arteries 
and placental veins obtained from five patients with 
severe toxemia. Bussolino et al.” also used a bioassay to 
examine vascular prostacyclin production in vessels ob- 
tained from normal and toxemic pregnancies. They 
found that prostacyclin production was decreased in 
placental veins, subcutaneous vessels, and uterine ves- 
sels in severely toxemic patients. Carreras et al'' used 
a radioimmunoassay to measure 6-keto-PGF,, and 
found its production decreased by vascular fragments 
of the umbilical artery and placental veins of hyper- 
tensive women. Downing et al.” examined the enzy- 
matic kinetics of prostacyclin synthase in umbilical ar- 
teries. They found that the enzyme activity was the 
same in cords of normal and hypertensive pregnancies 
but the cords of hypertensive pregnancies contained 
less enzyme. | 

Amniotic, and chorionic production of prostacyclin 
did not differ between normal and toxemic tissues 
(Figs. 5 and 6). The production rates were approxi- 
mately one seventh the production rate of normal pla- 
cental tissue. This is in contradistinction to the findings 
of Mitchell et al." who used a superfusion technique 
to investigate prostacyclin production by conceptual tis- 


‚sues. They found that the amnion produced twice as 


much prostacyclin as either the chorion or the placenta. 
Methodologic differences might account for the dis- 
crepancy between the two studies. It seems reasonable 
to us, however, that placental tissue would produce 
more prostacyclin than either the amnion or '`the cho- 
rion because the placenta is a highly vascularized organ 
and preliminary immunocytofluorescent studies sug- 
gest that both endothelial and syncytiotrophoblastic tis- 
sues produce prostacyclin (Walsh SW, et al., unpub- 
lished data). 

It was previously suggested that defective prosta- 
glandin production or a loss of response to prostaglan- 
dins contributes to the development of toxemia." '* ° 
The work of Gant et al.” and of Everett et al.'° provides 
support for the hypothesis that defective production of 
a vasodilatory prostanoid is involved in toxemia. Gant 
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et al. demonstrated that the dose of angiotensin II re- 
quired to elicit a pressor response of 20 mm Hg in 
diastolic pressure was significantly less in midgesta- 
tional women destined to develop hypertension than 
in women with normal pregnancies. Everett et al. then 
showed that the dose of angiotensin II necessary to 
cause a 20 mm Hg rise in diastolic pressure In women 
with normal pregnancies was significantly reduced in 
women treated with prostaglandin synthetase inhibi- 
tors. Therefore, the increased vascular responsiveness 
of toxemia was mimicked by producing defective pros- 
taglandin synthesis. 

An imbalance in the production of prostacyclin and 
thromboxane could account for the major clinical 
symptoms of toxemia. Placental thromboxane produc- 
'; therefore, the reduced 
amount of prostacyclin would not effectively antago- 


tion is increased in toxemia? 


nize the vasoconstrictor and platelet-aggregating ac- 
tions of the increased amount of thromboxane. Fur- 
thermore, with less prostacyclin, the vasoconstrictor 
effects of angiotensin IJ and catecholamines would 
also not be efficiently opposed. The renin-angioten- 
sin system is suppressed in toxemia but angiotensin II 
levels are still elevated over those of the nonpregnant 
state.'-2? Prostacyclin stimulates this system? *‘so defec- 
tive prostacyclin production might also explain why an- 
giotensin II levels are lower in toxemia than in normal 
pregnancy. 


We are deeply grateful for the assistance provided 
us by the personnel of the Labor and Delivery Unit 
and the physicians of the Department of Obstetrics and 
Gynecology at Edward W. Sparrow Hospital. 
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Influence of a vitamin E-deficient diet on prostacyclin 
production by mesometrial triangles and aortic rings from 
nondiabetic and diabetic pregnant rats: 


B. Spitz, M.D., H. Deckmyn, Ph.D., R. Van Bree, M.L.T., R. Pijnenborg, Ph.D., 
J. Vermylen, M.D., Ph.D., and i A. Van Assche, M.D., Ph.D. 


Leuven, erent 


We investigated the effect of a vitamin E-deficient diet on the synthesis of eeyo in nondiabetic and 
diabetic pregnant rats. In both groups the diet reduced fetal growth and prostacyclin production by 
mesometrial triangles; it also increased serum lipid peroxides, which are known to inhibit prostacyclin 
synthesis. Independently of the diet, mesometrial triangles of diabetic rats produced more prostacyclin than 
those of control rats, whereas an opposite tendency was found in the aortic rings. Our model seems 
useful for fundamental and pharmacologic studies of the vascular pathology of pregnancy. (Am J OBSTET 


QyNECOL 1985;151:116-20.) 


Key words: Prostacyclin, vitamin E, pregnancy, diabetes 


Prostacyclin, a -prostanoid mainly generated in vas- 
cular endothelial cells, is a potent vasodilator and the 


strongest natural inhibitor of platelet aggregation. It is. 


thought to play an important role as modulator of the 
hemodynamic changes that characterize normal preg- 
nancy and as a local defense mechanism against throm- 
bus formation. Decreased prostacyclin formation has 
been observed in several pathologic conditions of preg- 
nancy in the human, including diabetes and pre- 
eclampsia.’ 

. Pregnant rats fed a vitamin E-deficient diet develop 
some symptoms found in human eclamptic disease.” 
The aim of this study was to investigate whether this 
animal model is associated with impaired prostacyclin 
production. We concentrated on prostacyclin genera- 
tion by mesometrial triangles, since these are identi- 
fiable highly vascularized structures, strategically 
situated in the mesometrium associated with the de- 
veloping placentas, comparable to the maternal part 
(“the placental bed”) of the human placenta (Fig. 1). 


Material and methods 


Animals, dietary regimen, and classification. Wistar 
rats (+200 gm) were mated and divided into four 
groups. Groups I and III received a standard labora- 
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tory diet (RMH-GS, Hope Farms). Groups II and IV 
were fed the experimental diet, containing 58% corn- 
starch, 18.5% purified casein, 9.5% brewers’ yeast, 4% 
salt mixture (Hope Farms), and 10% cod-liver oil. The 
experimental diet was made rancid by thoroughly mix- 
ing the ingredients, spreading it over a large surface, 
and keeping it at room temperature for 72 hours. The 
small amo:int of tocopherol present is assumed to be 
rendered ineffective by the oxidative action of the 
highly unsaturated fatty acids in cod-liver oil, after ex- 
posure to air. The food was then stored at — 20° C to 
minimize further oxidative changes. Portions of the 
diet were removed from the freezer daily and fed ad li- 
bitum from day 1 of pregnancy on. Day 1 of gestation 
was determined by the presence of the copulation plug. 
Fresh water was supplied at all times. 

Groups. I and II consisted of nondiabetic animals; 
groups III and IV were made diabetic by intravenous 
injection of 50 mg streptozocin (Zanosar, Upjohn) per 
kilogram of body weight, 1 day after copulation. We 
finally obtained 14, 14, 17, and eight pregnant animals 
in groups 1. H, HI, and IV, respectively. 

Determination of prostacyclin production by me- 
sometrial triangles and aortic rings. On day 22, one 
day before the expected natural end of their pregnan- 
cies, a blood sample was taken from the abdominal 
aorta, and the rats were put to death after pentobarbital 
anesthesia (60 mg/kg of body weight intraperitoneally). 

Three mesometrial triangles per animal and the total 
thoracic aor:a were rapidly excised. Following removal 
of the adventitial layer, the aortas (15.9 + 6.7 mg, 


‘n = 53) were divided into halves: one half was further 


cut into four equally sized rings, the other was con- 
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served for tissue studies. The mesometrial triangles and 
aortic rings were incubated in 2.5 ml Tris-buffer (0. 05. 
mmol/L, pH 7.4) at room temperature on a rocker 


platform; 100 pl samples were withdrawn at 0, 4, 8, 
12, 16, 20 and 24 minutes after starting incubation and 
kept at least 1 hour'at room temperature in order to 
obtain a compleie degradation of prostacyclin to 6-keto- 
prostaglandin F: They were then stored at —24° C. 
Upon completion of the experiment, all samples were 
assayed for 6-keto-prostaglandin F,, by a specific ra- 
dioimmunoasszy as previously described.° 


For each mesometrial triangle and the four aortic 
rings, a linear regression line was calculated for the 6- ` 


keto-prostaglandin F,, values’ as a function of time. 
The regression line then determines the prostacyclin 
production per time unit. The mean correlation coef- 
ficient between time and 6-keto-prostaglandin F,, in all 


our’ experiments was 0.95 (p < 0.005). Number and | 


weights of fetuses, placentas and mesometrial triangles 
were carefully noted. | | 
Plasma values. Plasma glucose levels were assayed 
by the glucose oxidase technique (Beckman automatic 
glucose analyzer IT) and plasma progesterone by a ra- 
dioimmunoassay. Lipid peroxides in plasma were de- 


termined as malondialdehyde by reaction with thio- 


barbituric acid.* Ultraviolet fluorescence of plasma at 
an emission wavelength of 395 nm after excitation at 
325 nm, another index-of lipid peroxidation, was mea- 
sured on an Aminco SPF-500 spectrofluorimeter and 
expressed in arbitrary units.” 

Differences between groups were analyzed: for sig- 


nificance by use of Wilcoxon’s test. Data are presented | 


as mean + 


SE. NS denotes differences that were not 
significant. . 


Results | 


In nondiabetic and diabetic animals the vitamin E— 
deficient diet produced less and significantly lighter 
fetuses but placentas with a normal weight (groups I 
and IV versus groups I and III, Table I). 

The significant differences in weight of the pregnant 
animals in groups II and IV as compared with groups 


I and III disappeared after subtracting the contribution ` 


of the involved fetuses and placentas, and therefore 


were probably not due to a reduced intake of the’ vi- 


tamin E~deficient diet. The placentas of diabetic ani- 
mals (0.532 = 0.091 gm, n = 227) were significantly 
(p < 0.005). heavier: than those of the nondiabetic 
groups (0.384 + 0.039 gm, n = 317). Fetuses of both 


groups of diabetic rats (III and IV) were ‘significantly ` 
(p < 0.001) lighter than those of the Se se | 


nondiabetic groups I and II. 


The nonfasting glycemias (520.29 + 84 mg/ 100 mil, 


= 25) of ne ‘animals that received streptozocin 
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Fig. 1. Cross section of a mesometrial triangle and placenta. 
I, Mesometrial triangle; 2, placenta; 3, uterine wall; 4, yolk 
sac. ng l 


(groups III and IV) were significantly ‘(p < 0.005) 
higher than those (128 + 13.06 mg/100 ml, n = 28) of 


' the nontreated ones (groups I and II). The vitamin E-- 


deficient diet did not influence the glycemia. 

- The prostacyclin production by mesometrial trian- 
gles arid by aortic rings is shown in Table II. 

_ Mesometrial triangles of nondiabetic rats fed the vi- 
tamin E-deficient diet (group II) produced signifi- 
cantly less prostacyclin than those of the control rats 
(group I). Although aortic rings of nondiabetic rats 
(group II) and mesometrial triangles and aortic rings 
of diabetic rats fed the vitamin E~deficient diet (group 


IV) showed the same tendency, the differences did not 


reach a statistically significant level. Mesometrial tri- 
angles of diabetic rats (groups III and IV) produced 
significantly (p < 0.0005) more prostacyclin than those 
of the nondiabetic control rats (groups I and I1). When 
the aortic rings were considered, an opposite but not 
significant trend was found. | 

Lipid peroxides determined by ultraviolet fluores- 


_ cence and as malondialdehyde (Table III) were signif- 
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Table I. Weight evolution of the pregnant animals, number of fetuses per animal, and weight of fetuses 


and placentas 


+ 
2 


Nondiabetic group 


Diabetic group 


II: vitamin E— III: standard IV: vitamin E— 
I: standard diet deficient diet l diet deficient diet 
No. of rats 14 14 17 8 
Weight of rats l 
Day I (gm) 206.4 + 6.2 206.5 + 7.2 203.1 + 5.9 208 + 9.3 
Significance NS NS 
Day 14 (gm) 268.7 + 16 253.4 + 14.5 231.2 + 18:9 186 + 12.6 
Significance p < 0.05 p< 0.001 . 
Day 21 (gm) 330 + 20 311.6 + 12.1 256.2 Æ 22.9 223.6 + 14.6 
Significance | p< 0.01 p < 0.05 
Mean No. of fetuses 12,4 = 2.3 11.0 + 2.8 9.0 + 3.2 J2 E27 
per animal — 
Significance NS NS 
No. of fetuses 164 154 153 73 
Mean weight l 
Fetuses (gm) 4.551 + 0.22 4.312 + 0.237 3.646 + 0.432 3.056 + 0.270 
Significance = p<0.01 p< 0.0] 
Placentas (gm) 0.388 + 0.022 0.380 + 0.051 0.544 + 0.095 0.485 + 0.065 
Significance NS ; NS 
Mesometrial triangles 49.39 + 7.24 44.16 + 4.9 , 50.09 + 10 48.94 + 9.54 
(mg) 
Significance NS NS 
Weight of rats on day 268.3 + 13.9 259.7 + 10.3 219.11 + 16.02 191 + 8.49 
22 after correcting i 
for fetal and placental 
contributions (gm) 
Significance . NS NS 
Table II. Prostacyclin production by mesometrial triangles and by aortic rings 
H: vitamin E~ HI: standard IV: vitamin E~ 
- I: standard diet deficient diet diet deficient diet 
Prostacyclin production by 43.17 + 17.33 31.66 + 12.85 76.98 + 54.59 59.21 + 27.74 
mesometrial triangles > | | 
(pg/mesometrial trian- i 
gle/min) i ; 
No. in group 42 42 5] 24 
Significance p < 0.025 NS 
Prostacyclin production by 1316 + 624 1233 + 503 1192 + 625 1015 + 38] 
„aortic ring (pg/aorta/ 
min) . 
No. in group 14 14 17 8 
NS 


Significance l . NS 


icantly higher in the vitamin E~deficient groups II and 
IV, compared with the groups fed a standard diet 
(groups I and IHI). Diabetic animals (groups IH and IV) 
showed consistently higher levels than the nondiabetic 
control animals (groups I and II). 

As shown in Table IV, higher progesterone levels 
were found in group II than in group I. This argues 
against a general unselective toxic effect of the diet. 


Comment 


Nondiabetic and diabetic pregnant rats, fed an anti-. 


vitamin E stress diet showed a-decreased prostacyclin 


formation by their mesometrial triangles and increased 
plasma levels of lipid peroxides. The same tendency 
was found in the prostacyclin production by. their aor- 
tas, and in fact, it had already been observed in non- 
pregnant animals fed a pure vitamin E—deficient diet 
for several months.’ The addition of partially perox- 
ided polyunsaturated fatty acids, which will further de- 
plete the endogenous stores of tocopherol, and perhaps 
additionally the presence of pregnancy accelerate the 
impact of the diet. It was reported that the toxicity of 
the diet could be increased by augmenting the amount 
of oxidized fat and that the animals were effectively 
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Table III. Lipid peroxides determined by ultraviolet fluorescence and as malondialdehyde 


Nondiabetic group 


- Diabetic group 





l -~ I: vitamin E- II: standard IV: vitamin E— 
I: standard diet deficient diet diet deficient diet 

Ultraviolet fluorescence E515: 20-716 2.707 + 0.896 3.268 + 1.071 9.044 + 3.341 
p < 0.001 p < 0.001 

Malondialdehyde (nmol/ml) 2133 +0.56 2.966 + 0.666 1.466 + 0.366 5.133 + 2.433 
p < 0.001 p < 0.001 

Table IV. Mean plasma progesterone levels in the four groups 

Nondiabetic group Diabetic group 


II: vitamin E- ` III: standard 
I: standard diet deficient diet diet 


51.68 + 28.62 


Plasma progesterone 29.05 2 9:12 


(ng/ml) 
p < 0.005 


protected by vitamin E in adequate amounts.’ Using a 
more oxidized diet (exposure to air for 120 instead of 
72 hours), we have observed a more pronounced de- 
crease of prostacyclin production.” In comparison with 
the aortas, the highly vascularized mesometrial trian- 
gles produced remarkably little prostacyclin. This could 
partially be explained by a reduced contact of the ves- 
sels with the incubation medium and by less damage 
than to the aortas cut into rings. 

A vitamin E—deficient diet was originally proposed 
as a model for the study of eclamptic disease. Animals 
receiving such diet showed some clinical and patho- 
logic changes (evidence of disseminated intravascular 
coagulation, placental separation with hemorrhage, in- 
trauterine fetal death) that resemble those of pre- 
eclampsia.” Since they. however, did not become hyper- 
tensive, did not have increased proteinuria or weight 
changes indicative of edema, and had no swelling of 
the endothelial cells of the glomerular capillaries, de- 
cisive features of the human syndrome were not im- 
Itated.® 

Multiple factors are involved in the pathogenesis of 
preeclampsia. Recently attention has been focused on 
decreased umbilical, uterine, amniotic, and fetal pros- 
tacyclin production.’ An abnormal synthesis of vaso- 
dilator prostaglandins by uterus and vessels allows an 
explanation for diverse characteristics of preeclampsia: 
reduction of uteroplacental blood How, enhanced uter- 
ine renin secretion, increased angiotensin I] sensitivity, 
decreased renal renin secretion, and platelet aggrega- 
tion.™" It is also interesting to note that augmented 
levels of lipid peroxides and free radical peroxidation 
products have been reported in preeclamptic women.® 

We demonstrated an impaired prostacyclin genera- 
tion in this experiment model. If it also occurs in the 


IV: vitamin E— 
deficient diet 


26.08 + 12.92 24.00 + 17.46 


NS 


human situation, it offers new possibilities of verifying 
hypothesized consequences of prostacyclin deficient 
states and of correcting the deficiency. 

In pregnant diabetic rats, the prostacyclin production 
by mesometrial triangles was significantly increased as 
compared with production in the nondiabetic control 
animals, whereas an opposite but nonsignificant trend 
was found in aortic rings. Diminished aortic prostacy- 
clin formation and augmented lipid peroxide levels 
have been documented in nonpregnant rats with strep- 
tozocin diabetes. In our experimental model the vi- 
tamin E—deficient diet reinforced these alterations; 
conversely, a high vitamin E diet given to nonpregnant 
diabetic rats for 2 to 3 months has been shown to nor- 
malize thrombin-induced platelet thromboxane gen- 
eration, vascular prostacyclin production, and lipid 
peroxide levels.'* It has been suggested that in human 
diabetes an absolute or relative prostacyclin deficiency 
could trigger the onset of diabetic vascular compli- 
cations."® , 

The different response between mesometrial trian- 
gles and aortas, similar to that already reported for 
lungs and glomeruli,’* * may reflect the multiplicity of 
cell types and their enzymatic compositions. The phys- 
iologic meaning of this enhanced prostacyclin produc- 
tion by mesometrial triangles in diabetes is not clear, 
but since vasodilator prostaglandins seem to play a role 
in local blood flow regulation,’ one could hypothesize 
that it contributes to the compensatory placental hy- 
pertrophy characterizing these diabetic pregnancies. 

In conclusion, use of a vitamin E—deficient diet in 
pregnant rats makes it possible to impair prostacyclin 
generation, probably by an increase in free radical ox- 
idation (peroxidation) products, which are known to 
inhibit prostacyclin synthetase. If in human obstetric 


i 
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pathologic conditions, such as preeclampsia, fetal 


growth retardation with and without hypertension, and 
diabetes, a decreased prostacyclin formation is a sub- 
stantial finding, the model could be useful for funda- 
mental and pharmacologic studies on some aspects of 
those conditions. 


We thank Prof. 1. McGillivray and Andréa Bouillart 
for help in preparing the manuscript. 
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6-Keto prostaglandin F,,, thromboxane B,, and 
13,14-dihydro-15-keto prostaglandin F concentrations of 


normotensive and preeclamptic patients during pregnancy, 
delivery, and the postpartum period | 


Masatoshi Yamaguchi, M.D., and Norimasa Mori, M.D. 


Miyazaki, Japan 


Plasma 6-keto prostaglandin F,,,.13,14-dihydro-15-keto prostaglandin F, and thromboxane B; levels were 
measured in normotensive and preeclamptic patients during pregnancy and the postpartum period. 

From 30 to 40 weeks of gestation, 6-keto prostaglandin F,, levels of preeclamptic patients were significantly 
lower than those of normotensive women; 13,14-dihydro-15-keto prostaglandin F and thromboxane B, 
concentrations in presclamptic patients did not significantly differ from those of the normotensive group. At 
delivery, 6-keto prostaglandin F,, levels of maternal and umbilical venous plasma of preeclamptic women 
were also significantly lower than those of normotensive women. In the postpartum period these three 
prostanoids were not significantly different in normotensive women compared to preeclamptic women, with 
clinical preeclamptic symptoms soon disappearing in most of our patients. From the results, it seems 

that prostacyclin plays an important role in preeclampsia. (AM J OBSTET GYNECOL 1985;151:121-7.) 


Key words: Prostaglandins, preeclampsia, pregnancy 


Since the discovery of prostacyclin' and thromboxane 
As, the physiologic roles of these two unstable prosta- 
noids as well as their clinical significance in hyperten- 
sion and other disorders have been discussed. Mitchell 
et al.2 and Remuzzi et al.* described high prostaglandin 
I, production in fetal vessels, which suggests that it 
contributes to the maintenance of fetal circulation. 

The etiologic involvement of prostanoids has been 
suspected in the development of the arteriole con- 
traction and hypertension of preeclampsia. Remuzzi 
et al.’® described depressed placental prostaglandin I, 
production in preeclamptic patients. But the role of 
prostaglandin I, in preeclampsia is still controversial. 
Tsukatani,’ Massobrio et al.* and Lewis et al.” described 
lower 6-keto PGF,, level in preeclamptic patients than 


in normal subjects. But Yhkorkala et al." reported un- , 


changed 6-keto prostaglandin Fa (6-keto PGF,,) levels, 
and Koullapis et al." reported rather higher 6-keto 
PGF,,, concentrations in preeclamptic patients than in 
normotensive pregnants. 
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The purpose of this study was to determine not 
only 6-keto PGF,, concentrations but also those of 
13,14-dihydro-15-keto prostaglandin F (PGFM) and 
thromboxane B; (TXB,) in maternal plasma, umbilical 
arterial, and venous plasma of normotensive and pree- 
clamptic patients during pregnancy, delivery, and the 
postpartum period. | 


Material and methods 


Patients. The cases were divided into three groups: 
23 normotensive pregnant, 15 preeclamptic, and 13 
postpartum groups. The 23 normotensive subjects, (13 
primigravid and 10 multigravid) were at 19 to 41 weeks 
of gestation. The 15 preeclamptic patients included 10 
primigravid and five multigravid women. The nor- 
motensive postpartum group was made up of 16 pri- 
migravid and seven multigravid women. Diagnosis of 
preeclampsia was based on blood pressure higher than 
170/110 mm Hg and proteinuria with edema. Patients 
with other complications, such as diabetes mellitus, 
were excluded. No patient was administered drugs that 
were reported to affect prostaglandin metabolism or 
blood pressure. The normotensive group were deliv- 
ered at term without any complications. Fetal weights 
ranged from 2600 to 3400 gm. 

Blood collection. Blood was obtained from the an- 
tecubital vein in early morning after at least 1 hour of 
bed rest. Immediately after delivery, the umbilical cord 
was clamped at the distal and proximal portions. Um- 
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Table IA. Cross-reactivity of antisera (%) 


Anti 6-keto PGF, Anti TXB, 


6-keto PGF, 100 0.04 
TXB, <0.05 100 
PGE, 4.0 0.07 

PGE, , 4.6 0.05 
PGF 29 : 0.4 


PGF oq 2.5 0.2 
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Table IB. Cross-reactivity of antisera (%) 


| Anti PGFM 


13,14-dihydro-15-keto PGF,, 100 

13,14-dihydro-15-keto PGF, 179 

15,14-dihydro PGF,, L2 
15-keto, PG Foa 25.4 
13,14-dihydro-15-keto PGE, 0.6 
PGF, 0.3 
PGFs > l 0.2 


_ Table IL. Prostaglandin concentration (pg/ml, mean + SE) during pregnancy and postpartum period 


Group 6-keto PGF, PGFM TXB, 


Normotensive 


Pregnancy ~ 318.6 + 58.0* 
Postpartum 298.1 + 66.9 
Preeclamptic , 
Pregnancy [18.8 + 16.4* 
Postpartum 217.7 + 62.0 


*p < 0.001. 


bilical venous blood was collected by puncture of the 
vessels. At the same time, maternal venous blood was 
collected. 

Samples were placed in ice-cold test tubes containing 
0.05. ml of 0.4% aspirin and 0.45 ml of 2% ethylene- 


diaminetetra-acetate solution. Samples were’ stirred ` 


gently and centrifuged at 2500 rpm at 4° C for 15 
minutes. Plasma was separated and frozen as soon as 
possible and stored at — 20° C until extraction. 
Reagents. Authentic prostanoids and their antisera 
were provided by Ono Pharmaceutical Co., Ltd. 
(Osaka, Japan). Radioactive prostanoids were pur- 
chased from Amersham International Plc (Bucking- 
hamshire, England). Plastic thin-layer chromatog- 


raphy plates of Merck (DC-Plastikfolien Kieselgel 60, 


Merck, Darmstadt, West Germany) were used. Ethyl 
alcohol, acetic acid, and ammonia of ultra-fine grade 
were used. Other reagents used in extraction and pu- 
rification were of guaranteed quality. 

Extraction. After addition of 3000 dpm of radioac- 
tive tracer, plasma was acidified to pH 3 with hydro- 
chloric acid. A threefold volume of ethyl acetate was 
added and mixed. The organic phase was stored and 
extraction was repeated three times. The stored organic 
phase was evaporated in vacuo at 40° C. Residue was 
dissolved in 15 ml of 0.05 mol/L of phosphate buffer 
containing 10% methyl alcohol; 20 ml of petroleum 
ether was added and mixed, and the organic phase was 
discarded. The remaining water phase was acidified to 
pH 3 again and reextracted with 20 ml of ethyl acetate. 
After removal of the water phase the resulting or- 
ganic phase was evaporated and dissolved in a small 
amount of mixed solution of ethyl alcohol and ethyl 
acetate. 


145.7 + 20.0* 


56.6 + 7.3* 
955.5 + 21.4* 127.5 + 28.4* 
247.1 + 48.5 -119.5 + 34.0 
490.0 + 134.4 172.7 + 91.9 


Separation. This solution was spotted on a plastic 
thin-layer chromatography plate and developed by the 
organic phase of ethyl acetate/water/2,2,4-trimethyl 
pentane/acetic acid (110: 100:50: 20, w/v/v/v). After io- 
dine vapor staining, a corresponding area of each pros- 
taglandin was scraped into a test tube. Each fraction of 
6-keto PGF,,, PGFM, and TXB. was extracted four 
times with 2 ml of methyl alcohol containing 0.5% acetic 
acid. Methyl alcohol was evaporated under nitrogen 
stream, and the residue was dissolved in 0.9 ml of assay 
buffer for radioimmunoassay, which consisted of 0.1 
mol/L of phosphate buffer containing 1 mol/L of so- 
dium chloride and 1% gelatin. A solution of 0.3 ml was 
used for recovery estimation. | 

Assay of prostanoids. The three prostanoids were ` 
measured by radioimmunoassay with use of specific 
antisera by the method described by Hirata.” Briefly, 
0.1 ml of separated sample, radioactive prostaglandins, 
and antiserum were mixed and incubated 60 minutes 
at 37° C. Bound-free separation was performed by dex- 


-tran-coated charcoal solution. After centrifugation, 0.3 


ml of supernatant was counted by LSC 30 liquid scin- 
tillation counter (Aloka, Tokyo, Japan). 

Cross-reactivity of each antisera. Cross-reactivity 
of each antisera is shown in Tables LA and IB. Since 
13,14-dihydro-15-keto PGF,, antiserum had high cross 
reactivity to 13,14-dihydro-15-keto PGF,,, these two 
prostaglandins were not distinguished. Therefore, the 
result was described as 13,]4-dihydro-15-keto PGF 
(PGFM). , 

Coefficiency and recovery rate of radioimmunoas- 
say. The intta-assay coefficiency values for 6-keto 
PGF,,, TXB., and PGFM radioimmunoassays were 
4.1%, 4.6%, and 3.9%, respectively. The interassay 
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Fig. 1. 6-Keto PGF,, concentration during pregnancy. 6-Keto 
PGF,, concentrations of the preeclamptic group were signif- 
icantly lower (p < 0.001) than those of the normotensive 


group. 


Table III. 6-Keto PGF, concentration (pg/ml, 
mean + SE) in maternal and umbilical 
venous plasma in normotensive and 
preeclamptic patients 


‘Group Maternal plasma | Umbilical venous plasma 


Normotensive 410.7 + 51.4* 512.8 + 73.9% 
Preeclamptic 184.2 + 55.2* 230.9 = 48.9% 


*p < 0.01. 


coefficiency values for 6-keto PGF,,, TXB., and PGFM 
radioimmunoassay were 12.8%, 10.0%, and 18.0%, 
respectively. Recovery rate of each prostanoid was 
55.0 + 3.4% in 6-keto PGF,,, 57.2 + 4.0% in TXB,, 
and 73.8 + 7.8% in PGFM, respectively. 

Statistics. Statistical analysis was performed by Stu- 
dent’s ¢ test. | 


Results 

Prostanoid concentrations of normotensive and pre- 
eclamptic groups are shown in Table II and Figs. 1 to 
3. From 30 to 40 weeks of gestation, 6-keto PGF,, 
concentrations were 318.6 + 58.0 pg/ml in the nor- 
motensive group and 118.8 + 16.4 pg/ml in the pre- 
eclamptic group (each value is mean + SE). PGFM val- 
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Fig. 2. TXB, concentration during pregnancy. TXB, levels of 
the preeclamptic group did not significantly differ from those 
of the normotensive group. | 
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Fig. 3. PGFM concentration during pregnancy. PGFM levels 
of the preeclamptic group did not significantly differ from 
those of the normotensive group. l 
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ues in normotensive and preeclamptic groups were 
145.7 + 20.0 pg/ml and 247.1 + 48.5 pg/ml, respec- 
tively. TXB, levels were 56.6 + 7.3 pg/ml in the normo- 
tensive group and 119.5 + 34.0 pg/ml in the pre- 
eclamptic group. The 6-keto PGF,, concentration of the 
preeclamptic group was significantly lower (p < 0.001) 
than that of the normotensive group. However, PGFM 
and TXB, levels of the preeclamptic group did not sig- 
nificantly differ from those of the normotensive group. 

6-Keto PGF, levels in umbilical venous and maternal 
plasma at delivery are presented in Table II and Fig. 
4. 6-Keto PGF,, levels of normotensive and preeclamp- 
tic patients were 410.7 + 51.4 and 184.2 + 55.2 pg/ml 
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Fig. 4. 6-Keto PGF,, concentration in maternal and umbilical 
venous plasma. 6-Keto PGF}, levels of the preeclamptic group 
were significantly lower than those of the normotensive group 
in both maternal and umbilical venous plasma. 


in maternal plasma and 512. 8 + 73.2and 230.9 + 48.9 
pg/ml in umbilical venous plasma, respectively. - 
The 6-keto PGF,, level of the preeclamptic group 
was significantly (p < 0.01) lower than that of the nor- 
motensive group in both maternal and umbilical venous 
plasma. 
~ Prostanoid eels in the postpartum period are shown 
in Table II and Figs. 5 to 7: 6- Keto PGF,, levels in the 
postpartum period were 298.1 + 66.9 pg/ml for the 
normotensive postpartum group and 217.7 + 62.0 pg/ 
ml for the preeclamptic group. PGFM values were 
253.5 + 21.4 pg/ml for the normotensive postpartum 
group and 490.0’+ 134.4 pg/ml for the preeclamptic 
group. TXB, concentrations were 127.5 + 28.4 pg/ml 
in the normotensive group and 172.7 + 91.9 pg/ml in 
the preeclamptic group. Although the 6-keto PGF, 
level for the preeclamptic group before labor was 
significantly lower than that for the normotensive 
group, no significant difference could be observed be- 
tween normotensive and preeclamptic groups in the 
postpartum period. PGFM and TXB» values also were 
not ‘significantly different between normotensive and 
preeclamptic postpartum groups. The 6-keto PGF,, 
concentration did not change after delivery. However, 
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Fig. 5..6-Keto PGF,, concentration during puerperium. Al- 
though 6-keto PGF,, levels of the preeclamptic group before 
delivery were significantly lower than those of the normoten- 
sive group, no significant differences could be observed be- 
tween normctensive and preeclamptic groups in the postpar- 
tum period. 


PGFM and TXB, levels were significantly (p < 0. 05) 
elevated after delivery. 

Serial measurement of prostanoids in eight patients 
of the preeclamptic group are presented ‘in Figs. 8 to 
10. ‘There was no definite tendency for elevation or 
depression in the level of each prostanoid before and 
after labor. Interestingly, however, in six out of eight 
patients an elevation in 6-keto PGF, concentration oc- 
curred after delivery. ) 


Comment 

Prostacyclin and thromboxane A», newly discovered 
unstable prostanoids, have been studied for their pow- 
erful pharmacologic effects. There are several reports 
describing a more potent hypotensive effect for pros- 
tacyclin than for other prostanoids. Most of these re- 
ports presumed the possibility of prostacyclin’s control 
of blood pressure or maintenance of peripheral cir- 
culation." Elevated plasma 6-keto PGF,, concentra- 
tion during pregnancy raises the possibility that vaso- 
active prostanoids may control blood pressure during 


.pregnancy.'® In fetal circulation, Remuzzi et al.” and 


Kawano et al.” reported a significantly higher produc- 
tion rate of prostacyclin in fetal vessels. The high pros- 
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Fig. 6. TXB, concentration during puerperium. TXB, levels 
of the normotensive group were significantly elevated after 
delivery. 
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Fig. 7. PGFM concentration during puerperium. PGFM levels 
of the normotensive group were significantly elevated after 
delivery. 


tacyclin production reported may be related to the 
maintenance of fetal. circulation.” 

In some pathologic conditions, prostacyclin is con- 
sidered to have an important role in the pathophysi- 
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Fig. 8. Seria] measurement of 6-keto PGF), in preeclamptic 
patients. Note that in six of eight patients, prostanoid seve 
was elevated after delivery. 


ology of disease. Pace-Asciak et al.'* reported enhanced 
formation of prostacyclin in the spontaneous hyper- 
tensive rat. Gullner et al.’ presented evidence of an 
overproduction of prostacyclin in Bartter’s syndrome. 
A suppressed 6-keto PGF,, level was also noted in 
women taking oral contraceptives.” In preeclampsia, 
some investigators* %1 have reported depressed in 
vitro production of prostacyclin or 6-keto PGF,, in pla- 
cental and umbilical vessels. Moreover, a reduced quan- 
tity of the enzyme complex for prostacyclin synthesis 
was observed, although the activity of this enzyme com- 
plex was the same as in normal subjects.”’ Elevated 
TXB, levels and depressed 6-keto PGF,, levels in the 
amniotic fluid of preeclamptic patients also have been 
observed.™ 

The levels of prostacyclin or 6-keto PGF,, in the pe- 
ripheral plasma of preeclamptic patients are still de- 
bated.”'' The results of this study are different from 
those of Ylikorkala et al. or Koullapis et al.. One 
possible explanation for the disagreement is a differ- 
ence in the purification method. In our previous study 
we suggested that elevated serum lipids might inhibit 
antigen-antibody reaction in the radioimmunoassay 
system.” Inhibition of the reaction by lipids was also 
described by Hensby et al.® Another possibility is a 
difference in criteria in selecting the study group. In 
this study we dealt only with severe preeclamptic pa- 
tients. Tsukatani’ reported that there was no significant 
difference of plasma 6-keto PGF,, concentration be- 
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Fig. 9. Serial measurement of TXB, in preecilamptic patients. 
There was no definite tendency of elevation or depression in 
the level of TXB, before and after delivery. 


tween normotensive and mild preeclamptic pregnant 
women, whereas 6-keto. PGF,, levels in severe pre- 
eclampsia were significantly lower than those for both 
normotensive and mild preeclamptic groups. 

In fetal plasma we observed significantly lower 6-keto, 
PGF, concentrations in the fetuses of the preeclamptic 
group than in those of the normotensive group at de- 
livery. But even in preeclampsia the fetal 6-keto PGF,, 
level was higher than the maternal level. Therefore the 
suppressed plasma 6-keto PGF,, level of the preeclamp- 
tic fetus might be due to suppressed prostacyclin pro- 
duction in fetal vessels. Our results may be related to 
the pathophysiology of intrauterine growth retardation 
associated with preeclampsia when considering signif- 
icantly increased fetal vascular resistance in intrauter- 
ine growth retarded fetuses as reported by Jouppila 
et al.” It is argued that depressed 6-keto PGF,, levels 
may be due to low fetal weight in preeclampsia.” In 
our study, fetal weights of the preeclamptic group were 
somewhat lower than those of the normotensive group. 
However, there was no significant correlation (r = 
0. 030) between fetal weight and plasma 6-keto PGF, 
concentration in both fetal and maternal plasma in nor- 
motensive and preeclamptic groups. 

- In the postpartum period, depressed 6-keto PGF,, 
levels of the preeclamptic group returned to a normal 
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Fig. 10. Serial measurement of PGFM in preeclamptic pa- 
tients. There was no definite tendency of elevation or depres- 
sion in the level of PGFM before and after delivery. 


range within several postpartum days. On the fifth post- 
partum day there was no significant difference between 
the preeclamptic and the normotensive group. In six 
out of eight preeclamptic patients in whom prostanoids 
were measured serially throughout pregnancy and 
puerperium, 6-keto PGF,, concentrations were ele-. 
vated soon after delivery. The clinical preeclamptic 
symptoms, except for proteinuria, soon disappeared in 
most of our patients. From our results, it seems that 
prostacyclin plays an important role in preeclampsia in 
both mother and fetus. 


The authors wish to thank Ono Pharmaceutical Co., 
Ltd., Osaka, Japan, for their generous supply of au- 
thentic prostanoids and antisera. 
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Localization of transferrin receptor in the chorionic villi of 


complete molar pregnancy 


Ross S. Berkowitz, M.D., Devendra P.. ‘Dubey, Ph.D., Donald P. Goldstein, M.D., and 


Deborah J. Anderson, Ph.D. 


Boston, Massachusetts 


Transferrin receptors have been identified on the villous trophoblast of normal chorionic villi by 
immunohistochemical techniques. The current study investigated the expression of transferrin receptors on 
molar chorionic villi by using a monoclonal antibody in immunofluorescence assays. The villous 
trophoblast of molar chorionic villi was brightly positive for transferrin receptor in the immunofiuorescence 
assay. The presence of transferrin receptors on molar villous trophoblast may influence the immunologic 
relationship between molar and host tissues. (AM J OBSTET GYNECOL 1985;151:128-9.) 


Key words: Transferrin receptor, complete mole 


The fetus and placenta express paternally derived 
genes and therefore are partial allografts in the ma- 
ternal host. Fetal-maternal immunologic relationships 
are not clearly understood and have been an area of 
intense study, Transferrin receptors have been iden- 
tified on the villous trophoblast of normal chorionic 
villi by immunohistochemical techniques.’ The dense 
concentration of transferrin receptors on the villous 
trophoblast may serve to protect fetal tissues from im- 
munologic rejection by the maternal host.' Transferrin 
receptors on the villous trophoblast bind maternal 
transferrin, a large molecule which could mask other 
adjacent foreign antigenic sites on the trophoblast sur- 
face. Furthermore, trophoblast transferrin receptors 
may deplete the supply of transferrin in the intervillous 
space and this may impede the proliferation and func- 
tion of maternal lymphocytes at the maternal-fetal in- 
terface. 

Complete molar pregnancies generally have a 46,XX 
karyotype, and molar chromosomes are entirely de- 
rived from paternal origin. Therefore, molar tissue is 
a complete allograft and has the potential to induce a 


vigorous maternal host immunologic response. Evi- + 


dence of maternal immunologic reactions to molar 
pregnancy has been reported, but the immunologic in- 
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teractions between molar and host tissues are not well 
understood. The current study was undertaken to de- 
termine by immunofluorescence assay whether trans- 
ferrin receptors are detectable on the chorionic villi of 
complete molar pregnancy. 

Placental tissue was obtained at 13, 16, 20, and 40 
weeks’ gestation at the time of therapeutic abortion or 
term delivery, and molar tissue was obtained by suction 
curettage in four patients with complete hydatidiform 
mole: The placental and molar tissues were washed to 
remove blood elements, frozen in liquid nitrogen, 
embedded in optimum cutting temperature compound 
(Lab-Tek Products, Naperville, Illinois), and sectioned 
at 6 wm. One section from each tissue was fixed in 
methanol and stained with hematoxylin and eosin. The 
remaining frozen sections were fixed in cold methanol 
for 10 minutes and stored at —70° C until used for 
immunofluorescence studies. Two human gestational 
choriocarcinoma cell lines (JAR and BeWo), which were 
obtained from Dr. R. A. Pattillo (Medical College of 
Wisconsin, Milwaukee, Wisconsin), were grown on glass 
coverslips and processed with the placental and molar 
tissues. 

A monoclonal antibody (66-IG10) directed against 
the human transferrin receptor was obtained from Dr. 
M. van de Rijn (Dana Farber Cancer Institute, Boston, 
Massachusetts).? 

Fixed sections were incubated briefly in phosphate- 
buffered saline containing 1% bovine serum albumin 


.(PBS-BSA) and lightly counterstained with Evans blue 


to quench tissue autofluorescence. The monoclonal an- 
tibody was diluted 1:100 in PBS-BSA and centrifuged 
at 15,000 x g for 10 minutes. For each tissue and cell 
line, one slide was incubated with antibody and another 
slide was incubated with PBS-BSA for 20 minutes at 








Transferrin receptor in chorionic villi 


Fig. 1. Photomicrograph of a molar chorionic villus showing expression of transferrin receptor by 
immunofiuorescence assay. While the villous trophoblast is brightly positive for transferrin receptor, 
cells of the villous stroma show no reactivity with anti-transferrin receptor antibody. (Original 


magnification, X 1,300.) 


room temperature in a humidified chamber, washed in 
PBS-BSA, incubated with fluorescein isothiocyanate— 
labeled rabbit antimouse IgG (Cappel Laboratories, 
Cochranville, Pennsylvania) for an additional 20 min- 
utes and washed in PBS. Slides were then examined 
with a Zeiss epifluorescence microscope equipped with 
a mercury lamp and fluorescein filters. 

Transferrin receptor was detectable on the villous 
trophoblast from normal placentas from 13 weeks to 
term gestation as well as on both choriocarcinoma cell 
lines. The villous trophoblast of molar chorionic villi 
was also brightly positive in the immunofluorescence 
assay for transferrin receptor (Fig. 1). The villous 
stroma in both the normal placenta and the molar tis- 
sues showed no reactivity with anti-transferrin recep- 
tor antibody. 

Transferrin receptors are expressed by rapidly pro- 
liferating cells in vitro and in vivo, and most malignant 
-cells including choriocarcinoma express high levels of 
this molecule.” Many essential reactions in energy me- 
_tabolism and DNA synthesis are catalyzed by iron-con- 


taining enzymes, and transferrin, the major iron-trans- 


| -porting protein, is an obligatory cellular growth factor. 
7 When monoclonal antibodies to transferrin receptor 
3 -block transferrin binding, human tumor cell growth is 
< inhibited in vitro.’ 
Molar pregnancy is well recognized to have a poten- 
tial for deep myometrial invasion and distant spread. 
‘The maternal host’s immunologic response to the mo- 
-Jar allograft may affect the likelihood of developing 








postmolar persistent trophoblastic tumor. The pres- 
ence of transferrin receptors on the molar villous tro- 
phobdlast could influence the immunologic relationship 
between molar and host tissues. Transferrin receptors 
may protect the molar tissue from immunologic rejec- 
tion by diminishing maternal lymphocyte responsive- 
ness or by masking other trophoblast antigenic sites. 
However, the expression of transferrin receptor could 
also accentuate the host’s immunologic response be- 
cause transferrin receptors (possibly in modified form) 
are apparently target structures for natural killer cells. 
The immunobiology of complete molar pregnancy may 
be better understood through further study of the role | 
of trophoblast transferrin receptors on molar-host ini- 
munologic interactions. 
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The normal placenta, hydatidiform mole, and ges- 
tional choriocarcinoma share the unusual property 
of being. natural allografts in the sense that they are 
_ genetically disparate tissues in intimate contact with a 
| nmunocompetent host. In most circumstances 
-the natural allograft is successful; pregnancy continues 
to term and choriocarcinoma, if left untreated, leads 
es the death of the sufferer. 

Se Ibis now clear that the major histocompatibility an- 
“gens (HLA) of man function not only as the major 
inducers of, and targets for, artificial tissue allograft 
-rejection but also as essential mediators in normal cel- 
lular immunologic reactions. Precise determination of 
the nature and localization of HLA antigens on pla- 
“centa and trophoblast tumors is therefore necessary if 
we are to understand immunologic reactions toward 
: Host recognition of the HLA system of the conceptus 
-clearly occurs during both normal and molar preg- 
l ancy, as shown by the presence of paternal- Pa 
: HLA. antibodies i in maternal blood prior to delivery." 

: Several studies have demonstrated the absence of both 
i lass I (HLA A, B, C) and Class H (HLA DR) antigens 
on the villous trophoblast of the normal placenta.’ In 
contrast, -cells of the villous stroma, which form the 
central part of the villi, do express class I antigens 



























Fr F om nthe neers tment r Obstetrics and Gynaecology, Bristol Maternity 
Hospital, Bristol, and the Nuffield Department of Obstetrics and 
Gynaecology, John Radcliffe Maternity Hospital, Headington. 
ported by Medical Research Council Grant No. 81 2083. ISB. 


ae Received for publication January 30, 1984; revised June 15, 1984; 
3 _ accepted August « 28, 1984. l 

i Reprint requests: Dro C. A. Sunderland, Department of Obstetrics 
-. and Gynaecology, . Bristol Maternity ee Southwell St, Bris- 
toh, E m BS? SE! G. | 





terization and localization of HLA antigens © on a S 


3 Sunderland, Ph.D., C. wW. G. Redman, M.B., Ch.B., and G. M. Stirrat, M.D. 


rozen 1 sections of three specimens of hydatidiform mole were stained with monoclonal | antibodies to HLA 

lass Vand Class ll antigens by means of an indirect immunoperoxidase technique. Class | (HLA A, B, 

ntigens ; were detected on proliferating extravillous trophoblast and on villous stromal ceils but not.on 

cent villous trophoblast. Trophoblast Class | antigen was detected with four different antibodies to 

or orphic: determinants but not with antibodies to the appropriate polymorphic HLA A or B type. 

romal: ells were reactive with all Class | antibodies. Class Il (HLA DR) antigens were not detected on 
molar t tissue. The expression of HLA antigens by molar tissue is similar to that of the normal first- 

er human placenta, (AM J Osstet GYNECOL 1985;151:130-5.) 


ds: H LA antigens, hydatidiform mole, trophoblast, monoclonal antibodies 


throughout gestation. Class I] antigens are found- ont = 
specific dendrite-like cells in the villous stroma in third- Ce 
trimester placentas.” ° Such stromal antigens are sep- daka 


arated from maternal tissue by the HLA-deficient vil- 
lous trophoblast, which is thought to make up a con- 
tinuous layer around the villi. Recent studies have 
shown that several populations of nonvillous tropho- 
blast express Class I antigens.” * Such trophoblast is 
thought to arise from primitive villous trophoblast dur- 
ing early gestation and comes to lie in direct contact 
with maternal uterine tissue for the remainder of the | 
pregnancy. Such antigens, however, can. only be de- | 
tected with antibodies to monomorphic or constant de- 
terminants of HLA A, B, C, and not with antibodies 
directed to the polymorphic, or variable, regions of the 
molecule. 


In this paper we report a similar study of hydatidi- e 
form mole. This benign placental tumor is character- © = 


ized by aberrant trophoblast proliferation and hydropic 
degeneration of the villi. It occurs in up to l in 250- 
pregnancies in some parts of the Far East but only Lin 
2000 in Europe and the continental United States. ? Two 
distinct types have been identified within the hydati- 
diform mole classification.'’'* Complete mole refers to 
a tumor of androgenetic origin whose XX chromosome 
constitution is exclusively paternal and which presents 
with the classical vesicular or grapelike appearance due 
to generalized hydropic degeneration and trophoblast 
proliferation. A fetus is never present. In contrast par- 
tial moles are triploid, beari ing. maternal and paternal. | 
genes; hydropic degeneration is par tial and tropho- 


blastic proliferation is focal. T here i is: normally evidence t 
of a fetus. Approximately 9% of complete moles deo" 


velop into some form of persistent Upphoblastic dis- 
ease, usually choriocarcinoma.’ : | 

















Fig. 1. Serial sections of Mole 1 were stained with monoclonal antibodies with the indirect immu- 
noperoxidase technique. A, NDOG 1 monoclonal antibody stains the syncytiotrophoblast plasma 
membrane and some components within the column of proliferating extravillous trophoblast (PT). 
B, W6/32 monoclonal antibody, which detects a monomorphic determinant of Class I (HLA A, B, 
C) antigens, stains proliferating extravillous trophoblast (PT), villous stromal cells (VS), and some 
maternal leukocytes trapped in a fibrinous layer external to the villous trophoblast (L). C, NFK-1 
monoclonal antibody, which detects a monomorphic determinant of Class H (HLA-DR) antigens, 
stains no molar tissue. Labeling is limited to maternal lymphocytes (L) as in B. (Nuclei were coun- 
terstained with hematoxylin. Original magnification x 120.) 


We have collected and studied samples from three 
hydatidiform moles with the use of a panel of mono- 
clonal antibodies in an indirect immunoperoxidase 
technique on frozen sections. 


Patients and methods 


Specimens with the histopathologic diagnosis of hy- 
datidiform mole were taken from three patients. They 
were classified into complete or partial moles on the 
basis of the morphologic criteria described by Szulman 
and Surti'’’ after examination of several blocks of 
tissue from each patient. It has been previously shown 
that there is an excellent correlation between morpho- 
logic and cytogenetic classification of moles." 

Mole 1. Molar tissue was evacuated at 16 weeks’ men- 
strual age. The diagnosis was initially suggested by a 
routine ultrasound scan at 13 weeks and then con- 
firmed ultrasonically and biochemically. Microscopi- 
cally, all villi showed marked hydatidiform change with 
gross swelling and central cistern formation. There was 





moderate trophoblastic proliferation around most. villi. 
There was neither macroscopic nor microscopic evi- 
dence of a fetus. Mole 1 was designated as a complete ~ 
mole. 

Mole 2. Molar tissue was evacuated from a patient 
with uncertain dates after detection by ultrasound. His- 
tologic analysis showed enlarged villi containing an 
immature mesenchymal stroma. There was moderate 
trophoblastic proliferation and moderate anaplasia 
throughout the specimen. There was neither macro- 
scopic nor microscopic evidence of a fetus. Mole 2 
was designated a complete mole. Villi were generally 
smaller and the stroma more dense than those of Mole 
I, suggesting the specimen was of an earlier gestation. 

Mole 3. Molar products were observed after the suc- 
tion termination in a teenager of a pregnancy previ- 
ously considered normal. There was marked variabil- 
ity in the size of the villi, including some with normal 
mesenchymal stroma. Nucleated erythrocytes were de- 
tected in fetal capillaries. Trophoblastic cysts or “fjords” 
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Fig. 2. Serial sections of Mole 2 were stained with monoclonal antibodies with the indirect immu- 
noperoxidase technique. A, The antibody ME1, which specifically detects HLA B7, B22, B27, stains 
only cells of the villous stroma (VS), while (B) W6/32 stains, in addition, areas of proliferating 
trophoblast (PT). (Nuclei were counterstained with hematoxylin. Original magnification X 120.) 


Table I. Monoclonal antibody preparations 











~ Monoclonal 
antibody Specificity Reference Preparation 
NDOGI Villous syncytiotrophoblast plasma membrane, 7 Tissue culture supernatant 
some nonvillous trophoblast, unreactive | 
with most adult tissues including liver, kidney, 
heart, brain, colon, pancreas, and pregnant 
uterus 7 
NFK-1 Class H (HLA DR} antigens,* monomorphic? 15 Ascites 
W6/32 Class I (HLA A, B, C) antigens, monomorphic 16 Ascites 
BB 7.7 Class I (HLA A, B, C,) antigens, monomorphic 16 immunoglobulin 
BB 7.8 Class I (HLA A, B, C,) antigens, monomorphic 16 Immunoglobulin 
BBM1 B.-Microglobulin 16 Immunoglobulin 
MA 2.1 Class I HLA A2 and B17 17 Ascites 
ME 1 Class I HLA B7, B22 and B27 18 Ascites 


SN aah Ea Se pcg ep cee at a a a 
*The reactivity of this antibody with the DC and SB Class H locus products has not yet been determined. 


+The term monomorphic means that the determinant recognized is common to all HLA antigens of this class. In contrast, 
antibodies MA 2.1 and ME 1 react only with certain HLA A and B specificities and are therefore deemed to react with a 


“polymorphic” antigenic determinant. 


as described by Szulman and Surti were observed. 
‘There was only slight trophoblastic proliferation. Mole 
-3 was designated as a partial mole. 

Small pieces of tissue were taken and frozen in liquid 
“nitrogen. Sections (5 to 8 pm) were then cut m a 
` cryostat. The slides were air dried for 2 hours, fixed in 
“acetone at room temperature for 10 minutes, then 
washed in 0.15 mol/L of sodium chloride and 0.05 mol/ 
SL of Tris hydrochloride, pH 7.6. Sections were incu- 
bated with monoclonal antibody (50 pl) at a predeter- 
. mined saturating concentration for 40 minutes at room 
temperature. They were then washed twice in Tris- 
saline solution and incubated similarly with 50 pl of 
peroxidase-conjugated rabbit antimouse immunoglob- 
ulin (Dako) at a 1:50 dilution in Tris—saline solution 
and 10% normal human serum. Slides were again 
washed and incubated with 0.6 mg/ml of diamino- 
_benzidine-tetrahydrochloride and 0.007% hydrogen 


peroxide in Tris—saline solution. The reaction was 
stopped after 8 minutes by immersion in excess water; 
the nuclei were counterstained with hematoxylin, and 
sections were then dehydrated and mounted in DPX. 
Photomicrographs were taken on a Zeiss photomicro- 
scope III. Figs. 1 and 2 were taken through a blue filter. 

The monoclonal antibody preparations used in this 
study are described in Table I. An irrelevant mono- 
clonal antibody was used as a negative control in all 
experiments. 


Results 


Large areas of trophoblastic proliferation were evi- 
dent in all three hydatidiform moles examined. One 
such area is illustrated in Fig. 1. In the normal first- 
trimester placenta, the NDOG1] monoclonal antibody 
is known to react specifically with the syncytiotropho- 
blast plasma membrane and with some extracellular 
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Fig. 3. Serial sections of Mole 3 were stained with three different monoclonal antibodies specific for 
monomorphic determinants of Class I antigens. These were (A) BBM 1, (B) BB7.7, and (C) BB7.8. 
All three antibodies labeled an island of nonvillous trophoblast (NVT) and an area of maternal 
decidua (D). The ME 1 antibody stains maternal decidual tissue only (D). (Nuclei were counterstained 
with hematoxylin. Original magnification x 120.) 


material associated with proliferating cytotrophoblast 
cell columns.’ It does not react with most other normal 
human tissues, including maternal decidual cells. Sim- 
ilarly, in the mole (Fig. 1, A), NDOGI defines an area 
in which the continuity of the densely labeled syncytio- 
trophoblast plasma membrane has been broken by the 
outward proliferation of cytotrophoblast presenting as 
a column of cells with associated NDOGI staining pro- 
ceeding from the site of proliferation. Staining for Class 
I (HLA A, B, C) antigens with the W6/32 monoclonal 
antibody (Fig. 1, B) shows that this proliferating non- 
villous trophoblast population and villous stromal cells 
both express the Class I antigen while the quiescent 
areas of villous trophoblast are negative. A similar study 
of several areas from all three hydatidiform moles 
showed the same localization of Class I HLA antigens. 
It was noted, however, that staining of the nonvillous 
trophoblast was not uniform. Antigen expression was 
more common on the cellular cytotrophoblast than on 
the syncytial giant cells and in each mole some areas of 
proliferating cytotrophoblast were found that did not 


express the Class I antigen. No staining of any molar 
tissue was detected with the NFK-1 antibody to Class 
II (HLA DR) antigens (Fig. 1, C), positive reactions 
being limited to some leukocytes present in the inter- 
villous space. 

Molar tissue was next examined with two antibodies 
specific for polymorphic determinants of HLA A, B, 
C. These were MA 2.1, specifically reactive with HLA 
A2 and B17, and ME 1, specific for HLA B7, B22, and 
B27. In each case the reactivity of the conceptus was 
assessed by immunohistologic examination of the molar 
villous stroma with each antibody. Similar examination 
of maternal leukocytes in the intervillous space or de- 
cidua gave the maternal reactivity. The results are given 
in Table II. The alleles A2, B17, B7, B22, and B27 
occur in the Caucasian population with gene frequen- 
cies of 25%, 6%, 11%, 13%, and 4%, respectively.” This 
means that MA 2.1 and ME 1 should each theoretically 
be reactive with approximately 50% of individuals. The 
results of Table II are consistent with this prediction. 

In Moles 2 and 3, it was found that despite clear 
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"Mole F ; 
Mother + =~ 
Conceptus = = 
Mole 2 
‘Mother + + 
Conceptus = + 
Mole 3 
Mother _ + 
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Typing was performed by the indirect immunoperoxidase 
-technique on frozen sections. Maternal reactivity was assessed 
oT y staining of decidual tissue or lymphocytes in the intervillous 
~ space, while staining of villous stromal cells gave the reactivity 
of the conceptus. 









taining of villous stromal tissue with one of these an- 
re dies, the same antibody on the same sections never 
led. proliferating trophoblast. This is illustrated in 
A. By contrast a serial section with W6/32, de- 
ng monomorphic determinants of Class I (HLA A, 
OB ) antigens, shows clear staining of this same region 
of proliferating trophoblast (Fig. 2, B). It has been sug- 
< gested that this discrepancy between staining with W6/ 
-32 antibody and antibodies to polymorphic determi- 

nants is due to some unique property of the W6/32 
| monoclonal antibody. We have therefore examined mo- 
lar tissue with other antibodies directed to mono- 
: morphic determinants of Class I (HLA A, B, C) anti- 














gens. Fig. 3 shows an area of Mole 3 made up of 


maternal decidual tissue (D), an island of nonvillous 
trophoblast (NVT), and a portion of hydropic villus. 
-The antibody BBM 1, which is specific for 8,-micro- 
globulin, was seen to react with both maternal decidua 
-and nonvillous trophoblast (Fig. 3, A Similar results 
‘re obtained with antibodies BB 7.7 (Fig. 3, B) and 
F: 8 (Fig. 3, C) which react with a monomorphic 
te ‘minant of Class I antigens distinct from that de- 
“by W6/32.'° The pattern of staining with the 
1orphic ME l antibody on this tissue was markedly 















iese sections and served to confirm the histo- 
istinction between decidua and trophoblast ( Fig. 


nt. ‘This antibody reacted only with maternal tis- 


It is apparent t that the ‘expression. a HLA antigens | | 


on molar tissue is similar to that of normal first- trimes- 


ter placenta, in terms of both its nature and its local- 

ization. Thus shortly: after implantation i in normal prege 
nancy the villous cytotrophoblast proliferates, bursting Po a 
through the syncytiotrophoblast membrane and form- oe 
ing cytotrophoblast cell columns which invade the ma- : 
ternal decidua and produce the cytotrophoblast shell 208 
around the conceptus. This extravillous trophoblast 

bears an obvious histologic relationship to the prolif- 

erating trophoblast of hydatdiform mole. Further- 

more both populations express Class I but not Class I 

HLA antigens’ and again, in both cases, the Class I 
antigens are not detectable with antibodies to poly- 
morphic determinants of HLA even when such anti- 
bodies are clearly observed to be bound to the fetal 
villous stromal cells.’ 

The detection of Class I antigens on nonvillous tro- 
phoblast with antibodies to monomorphic but not 
polymorphic determinants may be due to a number of 
causes which have been discussed in detail elsewhere." - A 
Briefly, the discrepancy may arise because trophoblast- o 
Class I antigens are biochemically distinct from Class 1 
antigen that have been defined in other tissues. Alter- 
natively it may arise from an antigen dosage effect 
Thus a single polymorphic determinant accounts for 
only 12% to 15% of the total HLA A, B, C antigens as 
detected with W6/32 antibody on lymphocytes of a het- 
erozygous individual. It may therefore be that anti- 
bodies to monomorphic determinants, which react with 
the whole Class I population, can detect the antigen 
but the polymorphic antibodies react with so smalla o 
subset of the total antigen population as to move below), 
the level of detection with this technique. It is of note. = 
that complete molar tissue has a double paternal geno- a 
type and so might be expected to express polymorphic. a 
determinants at 25% to 30% of the total, that is, the 
equivalent of a homozygous individual. While. it is” 
clearly desirable to extend the study to additional moles ee 
and to include cytogenetic data, definite answers to o 
these questions regarding trophoblast HLA will ony 0 
come through molecular analysis at the biochemical 
level. This requires the preparation of purified non- 
villous trophoblast. | 

It is known that a portion of primigravid women 
develop antibodies to maternal Class I antigens during 
the course of either normal or molar pregnancy. In 
normal pregnancy such antibodies may arise as a result 
of “leakage” of fetal lymphocytes into the maternal 
bloodstream. In complete moles there is no fetus or 
fetal circulation and so immunization must arisethough oO 
the molar tissue itself. Yamashita et al.'* have shown: e 
molar tissue to specifically absorb antipatern FLA T 
antibody. If further study demonstrates that- tropho- E 
blast Class I angene are unusual and do: note e 
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polymorphic determinants, then the most likely route. . 
of immunization might be through the. villous stromal 


cells, brought into contact with the maternal į immune 
system through discontinuity in the villous trophoblast 


layer. Such discontinuity may occur in the region. of the: 
anchoring villi which aré responsible for the attachment 


of the villous placenta to the basal plate.” 


We are grateful to Mr. N. Kelly for expert technical 
assistance, to Dr. J. N. Bulmer for helpful discussion, 
and to the following for the gift of monoclonal anti- 
bodies: Prof. J. Bodmer, Dr. A. J. McMichael, Dr. Sue 
Fuggle, ‘and Dr. A. F. Williams. 
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Characterization and comparison of two forms of human 
chorionic gonadotropin from hydatidiform moles with low 


and high immunoreactivity 


ł 


Sadaomi Imamura, M.D., Setsuo Imamichi, M.D., Tooru Yamabe, M.D., and 


Masatsune Ishiguro, Ph.D. 
Nagasaki, Japan 


í 


Two glycoproteins (LM-hCG and HM-hCG) with gonadotropic activity were purified from the chorionic 


tissue of patients with hydatidiform mole with low and high urinary human chorionic gonadotropin levels 
and were compared to each other. The immunologic, biologic, and physicochemical properties of the 

two preparations were very similar. Also, the quantities of LM-hCG:and HM-hCG recovered from molar 
tissue from the two types of patients were similar. However, the molar tissue from patients who excreted 
high levels of human chorionic gonadotropin immunoreactivity also contained other molecular forms 
with apparent human chorionic gonadotropin immunoreactivity tissues from patients who excreted low 

- levels did not. These latter molecular forms may account for the differences in -he levels of human 
chorionic gonadotropin immunoreactivity excreted by the two types of patients. (AM J OBSTET GYNECOL 


1985; 151:136-41.) 


Key words: hCG, hydatidiform mole, immunoreactivity, bioactivity 


Patients with hydatidiform mole generally have 
higher urinary human chorionic gonadotropin (hCG) 


levels than normal pregnant women. This phenome- ~ 


non is a useful indicator in the diagnosis of this dis- 
order. However, the observation that a small propor- 
tion of patients with substantial amounts of molar tissue 
having low levels of urinary hCG immunoreactivity 
points to the need for more thorough physicochemical 
characterization of the hCG produced by this tissue. 
In this report, the preparation and characterization 
of hCG from molar chorionic tissue of patients ex- 
creting low and high levels of hCG immunoreactivity 


are described. The physicochemical properties are © 


compared with each other as well as with those of hCG 
purified from urine of normal pregnancy. 


Material and methods 


Molar chorionic tissue was obtained from four pa- 
tients with low levels of hCG in the urine (2000 to 
50,000 IU/L, by the urinary chorionic gonadotropin 
titration kit and the hemagglutination inhibition’ reac- 
tion, Kyorin Pharmaceutical Co., Tokyo, Japan) and 
five patients with high levels of hCG (more than 
300,000 IU/L). Molar tissue obtained by dilatation and 
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evacuation was homogenized in cold acetone. After 
washing with cold acetone several times, the tissue was 
filtered and air-dried. The acetone powder thus ob- 
tained was stored at 4° C until use. A part of each tissue 
was used for pathologic examination and all were his- 
tologically diagnosed as moles. One of the four patients 
with low immunoreactivity and one of the five patients 
with high immunoreactivity were diagnosed as having 
invasive mole because of increasing hCG levels during 
clinical observation after evacuation. After the diag- 
nosis, they received three or four 5-day courses of 20 
mg of methotrexate per day intramuscularly. They are 
healthy with no demonstrable metastasis 2 years after 
treatment. hCG and hCG-8 radioimmunoassay kits 
were purchased from the Commissariat a l'Energie Ato- 
mique (France) via Green Cross Co. (Tokyo, Japan). 
The sensitivities of these kits are 0.36 ng/ml of hCG 
and 0.22 ng/ml of hCG-B, respectively. The percent- 
ages of cross-reactivity of the hCG kit are: hCG-a, 3.6%; 
hCG-B, 1.3%; luteinizing hormone, 2.6%; follicle-stim- 
ulating hormone, 1.01%; and thyrotropin, 0% and thy- 


-rotropin, 0%. 


Bioassay of total gonadotropic activity. The gonad- 
otropic activity was determined by the modified As- 
cheim-Zondek test,’ which consists of measuring the 
weight response of both the uterus and the ovaries of 
immature female mice. 

Immunoreactivity of hCG and hCG-B. Immuno- 
reactivity was determined with the use of the commer- | 
cial radioimmunoassay kits described above according 
to the manufacturer’s instructions. 


Volume 151 Ta 
Number | 


Molar tissue 


Acetone powder 
1 Extraction with 0.01M PBS (pH 7.4) 
Stirring overnight at 4° C | 
Centrifugation by 10,000 x g for 10 min 
. Supernatan: ` | 
l 70% Saturation by ammonium sulfate 
Centrifugation by 10,000 x g for 10 min 
Precipitate 


Sephadex G-150 
re Sephadex A-50 
a A Sepharose 4B 
Sephadex G-150 


Purified melar hCG 
Fig. 1. Flow diagram for purification of molar hCG. 


Analytic disc electrophoresis. Polyacrylamide gel 
electrophoresis was conducted on the purified hCG as 
well as on all other fractions obtained during prepa- 
ration. The polyacrylamide gel electrophoresis tech- 
nique used was the method of Ishiguro et al. 

Chemical analysis of hCG. The amino acid com- 
positions of final products were determined by hydro- 
lysis with 6N hydrochloric acid at 110° C for 24 hours 
in a vacuum and analysis of the hydrolysate with a JEOL 
6AH amino acid analyzer. Sugars were analyzed by the 
phenol—sulfuric acid method for neutral sugars,” by the 
use of the amino acid analyzer for hexosamines after 
hydrolysis with 4N hydrochloric acid at 105° C for 4 
hours, and by the thiobarbituric acid method for sialic 
acid.“ 

Extraction and fractionation of molar tissue. The 
methods for purification of molar hCG are outlined in 
Fig. 1. After 35 gm of acetone powder of molar cho- 
rionic tissue was ground with 50 ml of acetone with a 
mortar and pestle, 500 ml of 0.01 mol/L of phosphate- 
buffered saline solution (pH 7.4) was added and the 
pH of the suspension was adjusted to 7.4 with potas- 
sium hydroxide. Extraction was performed with the use 
of mild stirring overnight in 0.0] mol/L of phosphate- 
buffered saline solution (pH 7.4) containing 5000 units 
of aprotinin as a protease inhibitor. The suspension was 
centrifuged at 10,000 x g for 10 minutes and the res- 
idue was again extracted with 300 ml of phosphate- 
buffered saline solution plus aprotinin as described 
above. The combined supernatants were brought to 
70% saturation with solid ammonium sulfate. After the 
suspension stood overnight at 4° C, the precipitates 
were collected by centrifugation at 10,000 x g for 10 
minutes and dialyzed against 0.05 mol/L of Tris—hy- 
drochloric acid buffer containing 0.15 mol/L of sodium 
chloride (pH 7.4). These preparations were then chro- 
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Fig. 2. Gel filtrations of LM-70 (A) and HM-70 (B) on Seph- 
adex G-150. At first, 0.82 gm of LM-70 and 0.96 gm of HM- 
70 were passed through a column (2.6 by 90 cm) of Sephadex 
G-150. The columns were eluted with 0.01 mol/L of ammo- 
nium bicarbonate buffer, pH 6.6. The void volume (V,), total 
volume (V;), and elution volume (Vą) of urinary hCG of normal 
pregnancy are indicated by the arrows. The fractions desig- 
nated by black bars were pooled (A: fraction I-L and B: 1-H). 
Immunoreactivities of hCG (#---@) and hCG-B (©---O} in 1 ml 
of buffer. l 


matographed using the procedure indicated in the leg- 
ends to Figs. 2 to 5. 


Results 


Purification of LM-hCG. From 35 gm of acetone 
powder of chorionic tissue of mole with low hCG im- 
munoreactivity, 1.8 gm of protein was extracted with 
0.01 mol/L of phosphate-buffered saline solution at pH 
7.4 (extract LM). After ammonium sulfate fractiona- 
tion, the protein fraction obtained at 70% saturation 
(LM-70) contained 0.82 gm, a recovery of 46%. This 
LM-70 contained 95% of the gonadotropic activity. The 
elution profile on Sephadex G-150 is shown in Fig. 
2, A. Three peaks with hCG and hCG-B immunoreac- 
tivity (fraction 1-L) were indicated in molecular weight 
fractions the’same as or larger than those of urinary 
hCG of normal pregnancy. The elution profile of frac- 
tion 1-L on diethylaminoethyl cellulose Sephadex A-50 
is shown in Fig. 3, A. A total of 88% of immunoreactivity 
was recovered in the eluate between 0.1 and 0.2 mol/ 
L of sodium chloride (fraction 2-L). Biologic activity 
was also present in the same eluates. Fraction 2-L, hav- 
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Fig. 3. Chromatographies of fraction 1-L (A) and 1-H (B) on 
diethylaminoethyl cellulose Sephadex A-50. The columns (2.6 
by 90 cm) were equilibrated with 0.05 mol/L of Tris-phosphate 
buffer, pH 8.7, and eluted by a linear gradient to 0.5 mol/L 
of sodium chloride and 0.05 mol/L of Tris-phosphate buffer. 
The shaded areas show the biologically active fractions. The 
fractions designated by black bars were pooled (A: fraction 2- 
L and B: fraction 2-H). Immunoreactivities of hCG (@---@) in 
1 ml of buffer. | 


ing both immunologic and biologic activity, was sub- 
jected to further purification on concanavalin A cou- 
pled with Sepharose 4B. As shown in Fig. 4, A, very 
little (8%) immunoreactivity was present in the unad- 


sorbed fraction with 97% of immunoreactivity recov- _ 


ered in the adsorbed fraction (fraction 3-L). Finally, 
this fraction 3-L was subjected to gel filtration on Seph- 
adex G-150, and a symmetric peak was obtained as 


shown in Fig. 5, A. This fraction (fraction 4-L} having 


both immunologic and biologic activity was subjected 
to disc gel electrophoresis. Since only one band was 
observed, fraction 4-L was considered to be pure 


LM-hCG. 
Purification of HM-hCG. From 30 gm of acetone 


powder of chorionic tissue of mole with high hCG im- 
munoreactivity, 2.2 gm of protein was extracted (ex- 
tract HM). Of this, 0.96 gm or 44% was obtained at 
70% saturation (HM-70). Also, 90% of gonadotropic 
biologic activity was recovered in this HM-70. Gel fil- 
tration of HM-70 (Fig. 2, B) on Sephadex G-150 
showed a broader region of immunologic activity than 
did LM-70 (Fig. 2, A). The fractions containing the 
peaks of immunologically active material (fraction 1- 
- H) were pooled. The elution profile of this fraction 1- 
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Fig. 4. Affinity chromatography of fraction 2-L (A) and 2-H 
(B) on concanavalin A-Sepharose 4B. The columns (1.5 by 50 


` cm) were equilibrated with 0.05 mol/L of Tris~hydrochloric 


acid buffer containing 1% butanol and 0.15 mol/L of sodium 
chloride, pH 7.4, and fractions 2-L and 2-H which had been 
dialyzed against the same buffer were applied to the columns. 
After the nonadsorbed protein fractions were washed with the 
same buffer, the adsorbed glycoprotein fractions were eluted 
with the same buffer, pH 7.4, containing 0.3 mol/L of a- 
methyl-p-glucoside. The buffer changes were made at the ar- 
rows. The fractions designated by black bars were pooled (A: 
fraction 3-L and B: fraction 3-H). Immunoreactivity of hCG 
(@---@) in 1 ml of buffer. 


H on diethylaminoethyl cellulose Sephadex A-50 is 
shown in Fig. 3, B. As indicated, immunologic activity 
was present in the eluates at concentrations between 0 
and 0.1, 0.1 and 0.2, and 0.2 and 0.3 mol/L of sodium 
chloride. Biologic activity was found only in the eluate 
between 0.1 and 0.2 mol/L of sodium chloride (fraction 
2-H). The elution profile of this fraction 2-H, having 
both immunologic and biologic activities, on concana- 
valin A-Sepharose 4B is shown in Fig. 4, B. It indicates 
that almost 95% of the total immunoreactivity was pres- 
ent in the adsorbed fraction (fraction 3-H). Finally, 
fraction 3-H was subjected to filtration on Sephadex G- 
150. Since fraction 4-H represented only a single band 
on disc e-ectrophoresis, it was considered to be pure 
HM-hGG. 

Characterization of LM-hCG and HM-hCG. The puri- 


_ fications of LM-hCG and HM-hCG from acetone pow- 


der are summarized in Table I. The biologic activities 
of purified LM-hCG and HM-hCG increased about 
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eightyfold and 100-fold with recoveries of 42% and 
45%, respectively. Their immunologic activities in- 
creased 120-fold and 35-fold with recoveries of 61% 
and 15%, respectively. 

Amino acid composition. The amino acid compo- 
sitions of LM-hCG and HM-hCG are shown in Table 
I along with the composition of urinary hCG of normal 
pregnancy for comparison. LM-hCG and HM-hCG 
have practically identical compositions; both of them 


appeared to have a high proportion of acidic amino ~ 


acids, Glu and Asp, but low Pro content compared to 
that of urinary hCG of normal pregnancy. 

Carbohydrate composition. The carbohydrate com- 
positions of LM-hCG and HM-hCG are also shown in 
Table II along with that of urinary hCG of normal 
pregnancy. LM-hCG contained 12.0% total hexose, 
4.2% amino sugar, and 0.3% sialic acid. HM-hCG con- 
tained 12.7% total hexose, 3.5% amino sugar, and 0.5% 
sialic acid. The values for hexosamine and sialic acid 
are considerably lower than those found for urinary 
hCG of normal! pregnancy. 


Comment 


The present investigation was directed toward the 
isolation of hCG from chorionic tissue of mole which 
produced hCG of low immunoreactivity. Very few stud- 
ies have been carried out on hCG from molar chorionic 
tissue. Also, mole has not been classified according to 
the amount of hCG secreted. No previous report has 
described the properties of molar hCG with low im- 
munoreactivity. In the present study a form of hCG 
extracted from moles of patients with low immuno- 
reactivity in the urine was characterized and its prop- 
erties compared with those of hCG extracted from 
moles of patients with high immunoreactivity in the 
urine. es 

LM-hCG was purified from a phosphate-buffered 
saline solution extract of acetone powder derived from 
moles of patients with low levels of hCG immunoreac- 
tivity in the urine. Approximately 95% of the total 
biologic activity was recovered in LM-70 of the am- 
monium sulfate fractionation. Similar results were ob- 
tained for HM-hCG purified from moles of patients 
who excrete levels of hCG immunoreactivity in which 
90% of the biologic activity was recovered. Although 
the first gel filtration of HM-70 seemed to have a 
broader region of immunoreactivity than LM-70, this 
might have been simply due to tailing of hCG immu- 
noreactivity.: 

Ion-exchange chromatography of LM-hCG on di- 
ethylaminoethy] cellulose Sephadex A-50 revealed im- 
munoreactivity only in fractions eluted between 0.1 and 
0.2 mol/L of sodium chloride. In contrast, during the 
preparation of HM-hCG, immunoreactivity was pres- 
ent in the eluates at concentrations between 0 and 0.1, 
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Fig. 5. Gel filtrations of fractions 3-L (A) and 3-H (B) on 
Sephadex G-150. Fractions 3-L and 3-H were finally passed 
through columns (2.6 by 90 cm) of Sephadex G-150. ‘The 
columns were eluted with 0.01 mol/L of ammonium bicar- 
bonate buffer, pH 6.6. The V, and V, of urinary hCG of normal 
pregnancy are indicated by the arrows. The shaded areas show 
the biologically active fractions. The fractions designated by 
black bars were pooled (A: fraction 4-L and B: fraction 4-H), 
dialyzed and lyophilized as purified LM-hCG and HM-hCG. 
Immunoreactivity of hCG (@---@) in 1 ml of buffer. 


0.1 and 0.2, and 0.2 and 0.3 mol/L of sodium chloride. 
These results indicate that the hCG present in fraction 
l-L is more homogeneous with respect to electric 
charge than that of fraction 1-H, although the two can- 
not be differentiated from each other with respect to 
molecular size. As shown in Table I, total biologic ac- 
tivity of extract LM is very similar to that of extract 
HM. The biologic activity of LM-hCG is also practically 
the same as that of HM-hCG. On the other hand, total 
immunologic activity of LM-70 is considerably less than 


. that of HM-70. In fact, there are several peaks of hCG 


immunoreactivity which have biologic activity in the 
ion-exchange chromatography of fraction 1-H. 

The amino acid composition of LM-hCG is practically 
the same as that of HM-hGG. Both are high in the acidic 
amino acids, Glu and Asp, but low in Met and half Cys. 
The characteristically high Pro content of urinary hCG 
of normal pregnancy was not found in LM-hCG and 
HM-hCG. The amino acid composition of LM-hCG and 
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Table I. Summary of yields and potencies - 





Extract LM .1800 

LM-70 820 re 
Fraction 2-L Bk 510 
Fraction 4-L 9.2 w , 1650 
Extract HM 2200 15 
HM-70 960 “De 
Fraction 2-H 79 350 
Fraction 4-H 9.8 ~ 1500 


LM-hCG 
Amino acid (mol/100 mol residue) 
Lys 6.2 
His ; 2.1 
Arg 3.6 
Asp 10.1 
Thr 6.4 
Ser -7 7.8 
- Glu 9.8 
Pro 5-7 
Gly . 10.6 
Ala 7.5 
2 Cys 4.4 
Val - 3 6.3 
Met . 1.7 
lle 3.5 
Leu 9.0 
Thy 2.8 
Phe 2.6 
Carbohydrate (gm /100 gm protein) l 
-Total hexose 12.0. 
Total hexosamine - 4,2 
Sialic acid 0.3 
Total carbohydrate 16.5. 


*The preparation in our laboratory (reference 8). 
+Data taken from reference 9. 


HM-hCG is similar to that of human chorionic lutein- 
izing hormone and follicle-stimulating hormone, which 
were purified from the chorionic tissue of normal preg- 
nancy by Tojo et al. Canfield et al.° reported that the 
hCG recovered from urine of choriocarcinoma patients 
and normal pregnant individuals was not different in 
amino acid composition. The differences in amino acid 
contents of LM-hCG and HM-hCG from that of urinary 
hCG of normal pregnancy might be due to the fact that 
the former two were obtained directly from the tissue 
. of origin. 

Similarly, the carbohydrate compositions of LM- hCG 
and HM-hCG are almost the same. LM-hCG and HM- 
hCG have lowér carbohydrate (16.5% and 16.7%, re- 
spectively) than urinary hCG of normal pregnancy 
(37.1%). The hexose content is nearly identical in all 


Total protein Rey activity as on 
(mg) (IU/mg) 
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Urinary ACG in normal pregnancy 


Qur laboratory* 


Other sourcet 


7.0 4.8 4.4 
2.5 1.2 1.8 
4.2 6.4 6.6 
9.0 8.6 7.4 
6.0 7.0 7.3 
6.5 7.0 9.5 
10.9 8.2 7.9 
5.3 11.7 12.2 
9.8 6.5 5.3 
7.6 6.2 5.4 
3.4 6.8 8.6 
7.2 | 9.2 7.9 
2.0. | 1.8 1.7 
4.) 3:1 2.4 
8.5 7.2 6.4 
3.1 1.4 2.6 
2.8 2.9 2.4 
127 13.5 11.2 
3.5 14.1 TE 
0.5 9.5 9 

16.7 37.1 31.3 


three, whereas the amino sugar contents of LM-hCG 
and HM-hCG appear to be approximately one fourth 
the amount in urinary hCG of normal pregnancy. 
Moreover, the amounts of sialic acid in LM-hCG and 
HM-hCG are remarkably less than that of urinary hCG 
of normal pregnancy. The amounts of carbohydrate 
are also considerably less than those of human cho- 
rionic luteinizing hormone and follicle-stimulating hor- 
mone previously described.’ 

LM-hCG and HM-hCG possess only about 10% of 
the biologic activity of urinary hCG of normal preg- 
nancy. The biologic activity of highly purified urinary 
hCG of normal pregnancy is reported to be about 
12,000 to 18,000 IU/mg.’ It seems likely that the very 
low biologic activities of LM-hCG and HM-hCG are due 
to structural differences: between these materials and 
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the preparation of urinary hCG of normal pregnancy, 
since the latter had an appropriately high biologic ac- ' 
tivity (17,000 IU/mg) in the same in vivo test system. ` 
The low sialic acid contents of LM-hCG and HM-hCG. 


might be responsible for their relatively low biologic 
activities. An alternative explanation for the low bio- 
` logic activities of LM-hCG and HM-hCG is that they 
exist as precursors of hCG, which exist prior to the 
attachment of carbohydrate moieties, particularly sialic 
acid. 

In conclusion, LM-hCG and HM-hCG have practi- 
cally identical physicochemical, immunologic, and bi- 
ologic properties. Both preparations have high levels 
of immunologic but low levels of biologic activity and 
essentially identical amino acid and carbohydrate com- 
positions. It appears that moles of patients with high 
levels as well as those with low levels of urinary hCG 
immunoreactivity produce this form of hCG. Extracts 
of molar tissue from patients with high levels of urinary 
hCG immunoreactivity also contained other substances 
with apparent hCG immunoreactivity which were not 


found in tissue extracts from patients who excreted low 


levels of hCG immunoreactivity. This difference in mo- 
lar tissue content of hCG immunoreactivity may ac- 


count for the different levels excreted by these two- 


types of patients. The nature of these other substances 
with hCG immunoreactivity will be the subject of future 
studies. 
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Use of atropine to differentiate normoxic from 
hypoxic bradycardia 


To the Editors. 

Parer (Parer JT. The effect of atropine on heart rate 
and’ oxygen consumption of the hypoxic fetus. AM J 
OBSTET GYNECOL 1984;148:1118) has again laid rest 
the notion that atropine (200 ug infused into fetal 
sheep) might alleviate hypoxia. However, within the 
article is the nucleus of a diagnostic test to differentiate 
hypoxic from normoxic bradycardia. An “atropine 
challenge test” should be able to sort out false positive 
from true late decelerations. Estimates are that as many 
as 50% of late fetal heart rate decelerations are false 
positive indicators of true fetal distress or uteroplacen- 
tal insufficiency.’ Scalp sampling is not always available 
or technically possible (long, closed cervix) to determine 
which half of these patients require urgent delivery. We 


have all undertaken cesarean section for late deceler- 


ations with no evidence of fetal hypoxia at delivery. 
Furthermore, in true uteroplacental insufficiency, the 
Po, should drop before acidemia occurs. If the fetus is 
hypoxic, by blocking the. vagal component of late de- 
celerations, atropine should result in a profound tachy- 
cardia, presumably as a result of unmasking the effect 
of catecholamines released in response to hypoxic 
stress, perhaps even before the pH drops. In a norm- 
oxic fetus there should be only a small rise in heart rate 
after vagal blockade with atropine. For further study I 
propose the management scheme shown here. 


Persistent late decelerations 
(early labor or positive contraction stress test) 
(baseline fetal heart rate should be <160 bpm) 


$ 


Administer 200 ug of atropine intravenously 


Tachycardia Minimal or no tachycardia 


(fetal heart rate < 175 bpm). -` 


Consistent with high cate- 
cholamines or myocar- 
dial depression, sec- 
ondary to fetal 
hypoxia 


if possible; observe 


If conservative measures 
fail and pH determina- 
tion is not possible, ex- , 
pedite delivery E. 


In a sense, this study has already been conducted in 
humans in Uruguay by Schifferli and Caldeyro-Barcia,” 
who noted that as the degree of asphyxia-increases, the 
postatropine heart rate increases in a linear fashion. 
Atropine abolishes early and mild variable decelera- 
tions but not deep variable or true late decelerations. 
Apgar scores of 9 and 10 were found in infants with 
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Consistent with normoxia; ` 
perform pH to confirm | 


postatrcpine baseline heart rates of <175 bpm, and 
Apgar scores of | to 6 were found with postatropine 
heart rates >175 bpm. It is merely necessary (perhaps 
by monitoring creatine phosphokinase levels in Parer’s 
model) to demonstrate that the postatropine tachycar- 
dia causes no myocardial damage, and an effective 
means of distinguishing the hypoxic fetus from the 
normoxic one is at hand. l 

; Ely Brand, M.D. 
Department of Obstetrics and Gynecology 
Brigham and Women’s Hospital 
Harvard Medical School 

Boston, Massachusetts 02115 
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Reply to Brand : 


To the Editors: 

Dr. Brand’s suggestion is a valuable attempt to apply 
the findings of basic studies to clinical fetal surveillance.’ 
It is somewhat reminiscent of the suggestion of Goodlin 
and Haesslein' to abolish what they called “inappro- 
priate fetal bradycardia” by the use of atropine. I am 
opposed to introducing Goodlin’s suggestion into clin- 
ical obstetrics at this stage, and for many of the same 
reasons I would be opposed to Brand’s test until more 
studies have been done, particularly in experimental 
animals.’ ' / 

I would like to make some further comments on 
Brand’s letter. All of us, he states, have undertaken 


. cesarean sections for late decelerations, with no evi- 


dence of fetal hypoxia at delivery, and he quotes the 
approximately 50% false positive rate of using late de- 
celeraticns as an index of depressing fetal hypoxia at 
delivery. Many clinictans now believe that one can re- 
duce this inappropriate diagnosis markedly by relying 
heavily on the decrease or loss of fetal heart rate vari- 
ability to determine which fetuses are becoming cen- 
trally asphyxiated.’ The rationale for this is based on 
observations that there are two distinct types of late 
decelerations, one due to vagal reflex and the second 
due to transient hypoxic myocardial fatlure.* At the 
present time we believe these types can be distinguished 
by presence (for reflex late decelerations) or absence 
(for myocardial hypoxic late decelerations) of fetal 


heart rate variability. Clinical observations and some 
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surveys’ show that it is quite rare for fetuses to be 
born depressed when fetal heart rate variability is 
maintained, despite the presence of various periodic 
changes, including late decelerations. The physiologic 
basis for this observation has been extensively de- 
scribed.° 

Brand states that in true uteroplacental insufficiency, 
the Po, should drop before acidemia occurs. This is 


not necessarily true of the respiratory component of © 


acidosis. In studies where uterine blood flow is delib- 
erately reduced we have seen an increase in PCO, as 
well as a decrease in Po,” 

A further difficulty with Brand’s proposed test con- 
cerns atropine dosage. In experimental sheep in order 
‘to reliably produce total fetal blockade one needs to 
administer 200 g/kg intravenously to the fetus. Brand 
proposes 400 pg of atropine to the mother. Variations 
in rate and quantity absorbed may make fetal dosage 
quite unpredictable, thus casting doubt on the validity 
of a “negative” test. 

The most serious objection to the test is that the du- 
ration of atropine’s action can be such that its effect on 
heart rate mav be prolonged. If so, this prevents the 
use of the fetal heart rate as a screen for asphyxia 
following the test. This would be an untenable situation 
given the fact that the patients in whom the test is to 
be used are already having “persistent late decelera- 
tions,” and the cumulative effect of such intermittent 
stresses may result in serious asphyxia after the fetus 
has successfully “passed the test.” 

J. T. Parer, M.D., Ph.D. 
University of California, San Francisco 
Department of Obstetrics, Gynecology and 

Reproductive Sciences and Cardiovascular 

Research Institute 
Room HSE 1462 
San Francisco, California 94143 
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The “lytic cocktail” induces recurrence of fits in - 
the treatment of eclampsia 


To the Editors: 

We feel that the “lytic cocktail” must be banned in 
the treatment of eclampsia. In an effort to control 30 
patients with eclamptic seizures, the Obstetrics Clinic 
of the Paulista Medical School administered a combi- 
nation of chlorpromazine and promethazine (100 to 
400 mg of each drug per 24 hours) and an intravenous 
priming dose of pethidine (100mg/24 hr), diluted in a 
5% glucose solution. This mixture of drugs proved to 
be a “cocktail” that induced recurrence of seizures 
rather than stopping them (Table I). 

We have divided the cases into four groups as a func- 
tion of the grade of severity. Group A (Fig. 1) consisted 
of 12 patients with low arterial blood pressure levels 
who continued to have seizures throughout labor until 
their babies were delivered. Group B (Fig. 2) involved 
three patients who remained convulsive after delivery. 
Group C (Fig. 3) consisted of 11 eclamptic patients who 
experienced seizures during labor and the first 20 
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Fig. 2. Findings in group B. 


January 1, 1985 


"144 Correspondence . a i 
p7 T Am J Obstet Gynecol 


Yow Taa g + tow -s » on = 
eo oee ae een -= mem a m eee uawa aw ‘liana = 









s, . | ! g 
"A "7 A TR i 3 . Group D Fo 
IZA Eclamptic zone A £ 133% op Me a | 
a * i + s i w> i 3 y e ff 
“Lytic cocktail” therapy zone} =} og : Sar SE 
gee E g $3. S ytic cocktail” therapy zone 


Bone 
3 5 . S | 3 
x ates! 


O 


Ss 
SO 


SSS 


Aaa, Niall tea WOE oe me 





o ‘S 
A? 
ss 


Fig. 3. Findings in group C. Fig. 4. Findings in group D. 


' - Table I. Recurrence of seizures following administration. of “lytic cocktail” in 30 patients 


Stilloirth 
during 
lator 


Maternal 
mortality 






- Neonatal 
mortality 


More than 2 
SEIZUTES 





0 to 2 
seizures 









Group A 
L 0 ~ IUGR 2 — — — 0 - Normal 2 
2 0 — IUGR — — l 0 Forceps 
3 0 ~ Normal — — — 0 Cesarean 
4 l — Normal — . — ` — 0 Forceps 
5 0 me Preterm — " — i 0 Breech 
6 0 nw — at 1l — — 0 Forceps 
7 i ~ ‘IUGR — o — l 0 Cesarean 
8 — 4 IUGR — — —_ 0 Cesarean 
9 2 _ -i — — 0 Normal 
10 2 p IUGR — - —— — 0 Cesarean 
11 — 4 IUGR —_ — I 0 Cesarean 
12 l — Normal Ti — — 0 Normal 
Group B 
13 2 ne IUGR — — — 0 Normal 
14 _ 2 ~ Normal — — _ 0 Cesarean 
15 2 —_ Preterm — — 0 Normal 
Group C 
16 — 13 IUGR — — — 0 Normal 
17 1 — Normal — — — 0 ` Normal 
18 — 9 mem l = — 0 Normal 
19 l mm IUGR — — — 0 Normal 
20 —— 4 Normal — 0 Breech 
21 — 4 Normal — — —_ 0 Normal 
vee — 6 Normal — — — 0 Normal 
23 — 4 — i — — 0 Normal 
24 — 14 Normal — — _ 0 Cesarean 
25 — 29 Normal — — — 0 Cesarean 
26 — 29 Normal — —— ] Cesarean 
Group D 
27 _ IUGR — — 0 _ Forceps 
28 — 29 — l — — 0 Normal 
29 — 39 — l — 0 Forceps 
30 0 a Norma! — — 0 Normal 





Occurrence of seizures: 0, 20%; 1, 16.7%; 2, 20%: 0-2, 56.6%; >2, 43.3%. Fetal growth, 58%; stillbirth, 22.5%; stillbirth during 
labor, 8.3%; neonatal mortality, 16.6%; maternal mortality, 3.3%; delivery, 45.1%. IUGR, Intrauterine growth retardation. 


and died 2 hours after a cesarean section as she was 
receiving a blood transfusion for operative shock and 
250 mg-of thiopentane in an attempt to stop the sei- 
zures. There were four patients in group D (Fig. 4) 


hours puerperium while being treated with the “lytic 
cocktail.” Seizures stopped when this therapy was aban- 
doned. The only case of maternal mortality occurred 
in the latter group. The patient suffered 29 seizures 
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whose seizures stopped after delivery. One patient in 
this group had 39 seizures. The rate of intravenous 


dripping was governed by patient response, and par-’ 


adoxically, in some cases the increasing of dripping 
resulted in an increase in the number of convulsions. 
It seems likely that the combination of phenothia- 
zines and pethidine is a convulsant therapy in eclamp- 
sia. There was a reduction in systolic pressure (Figs. 1- 
4) without a relevant decrease in diastolic pressure in 
most of the eclamptic patients. These observations were 
made for a very elevated cardiac rate (pulse up to 160 
bpm). These clinical data suggest that there is a de- 
crease in blood flow in the brain. These findings rein- 
force the hypothesis of Sheehan and Lynch' that con- 
vulsions result from a vasomotor disturbance. 
Dib El-Kadre, M.D. 
Caetano Giordano, M.D. 
Department of Obstetrics and Gynecology 
Paulista Medical School 
720 Botucatu 
São Paulo 04023, Brazil 
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Coincidence of congenital aplasia 
of the vagina with ear and 
facial anomalies 


To the Editors: 

I read with interest the article by Winer-Muram et 
al. (Winer-Muzam HT, Muram D, Wilroy RS, Cupp C. 
The concurrence of facioauriculovertebral spectrum 
and the Rokitansky syndrome. AM J OBSTET GYNECOL 
1984; 149:569.) The statement that “the.concurrence of 
the facioauriculovertebral spectrum and the Rokitan- 
sky syndrome has not been previously described” is not 
correct. A similar case has been published before.’ 


Wim Willemsen 


Katholieke Universiteit Nijmegen 

Instituut voor Obstetriel Gynaecologie 

Geert Grooteplein zuid 14 l 
Postbus 9101-6500 HB Nijmegen, The Netherlands 
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Reply to Willemsen 


To.the Editors: | l 

This letter is being written in reply to Dr. Willemsen’s 
comments about the article, The concurrence of fa- 
cioauriculovertebral spectrum and the Rokitansky syn- 
drome. The cases are similar, and indeed Dr. Willem- 
sen’s comments are entirely justified. Our patient was 
seen and written up in October, 1982, at which time 


we were unaware of Dr. Willemsen’s article which had 
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not been published as yet. The similarity of these two 
cases supports the hypothesis that a spectrum of mes- 
enchymal defects indeed exists. 

We would like to thank Dr. Willemsen for his 
comments. 

a David Muram, M.D. 
Division of Gynecology 
The University of Tennessee 
Center for the Health Sciences 
853 Jefferson Avenue 


Memphis, Tennessee 38163 


Prognostic significance of adenofibromatous 
pattern in ovarian epithelial malignancies 


To the Editors: 

I read with great interest the article of Malkasian et 
al. “Prognostic significance of histologic classification 
and grading of epithelial malignancies of the ovary” 
(Am J OBSTET GYNECOL 1984; 149:274), and would like 
to' make the following comment. ok 

Apart from stage, grade, and cell type, which have 
been studied and discussed by the authors, there is 
another factor that has not been mentioned at all, i.e., 
the presence or absence of adenofibromatous or cyst- 
adenofibromatous pattern. This histologic variant, 
which is more common with the serous cell type than 
with the other cell types of ovarian epithelial malig- 
nancies, has been listed as a separate subdivision in the 
World Health Organization classification.’ Most prob- 
ably, in cases with this histologic variant the malignant 
epithelium induces an increased stromal cellularity, and 
as a consequence of this, the tumor exhibits histologi- 
cally a prominent fibrous stroma. It should be empha- 
sized that the stroma does not show any degree of atyp- 
ism Or mitotic activity, thus ruling out the possibility of 
Miillerian adenosarcoma. Unfortunately, the prognos- 
tic significance of the presence or absence of adenofi- 
bromatous or cystadenofibromatous pattern in ovarian 
epithelial malignancies is still not known and yet has 
to be determined. 

l Benjamin Piura, M.D., M.R.C.O.G. 
Department of Obstetrics and Gynecology “B” 

Soroka Medical Center 

P.O. Box 151 

Beer-Sheva, Israel 


REFERENCE 


1. Serov SF, Scully RE, and Sobin RH: Histological typing of 
ovarian tumours. In: International Histologic Classification 
of Tumours, No. 9, Geneva: World Health Organization, 
1973. 


Reply to Piura 
To the Editors: N 
The presence of epithelial malignancies of the ovary 
in association with adenofibromas or buried within 
these lesions has been known for some time. The ac- 
tivity of these lesions appears to be associated with the 
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grade of the epithelial aang and the stage of the 
disease present at the time of diagnosis and is unrelated 
to the presence or absence of the adenofibroma. 


1750 Eleventh Avenue Northeast 
Rochester, Minnesota 55901 


Significance of fetal deceleration during 
antepartum heart rate testing 
_ To the Editors: 


Dashow and Read published in the January 15, 1984, 


issue an interesting study concerning clinical signif- 
cance of fetal bradycardia during antepartum heart 
rate testing (AM J OBSTET GYNECOL 1984;148:187). We 
would like to make a few remarks concerning this study. 
The authors, for an unclear reason, keep calling brady- 
cardia the pattern that they observed. We found it dif- 
ficult to understand in how many of these 12 cases the 
pattern was of sporadic deceleration and in how many 
it was of baseline bradycardia. Needless to say, each 
would be of different significance. 

Their conclusion regarding the significance as well 
as clinical management is based on 12 cases. This find- 
ing regarding antepartum fetal heart rate monitoring 
is not so rare. Druzin et al.' reported an incidence of 
0.74%, and in our study it was 0.86%.” Therefore it is 
perplexing that the authors recommend a clinical man- 
agement based on so few cases. 

In our study’ single sporadic deceleration was de- 
fined as a drop of fetal heart rate of at least 40 bpm 
below baseline lasting for at least 2 minutes. Out of 
7202 nonstress tests, 62 exhibited this deceleration. In 
48 of these cases, the single sporadic deceleration was 
followed by a normal reactive nonstress test. In 14 pa- 
_ tients, nonstress test results following the single spo- 
radic deceleration was nonreactive. In those cases, an 
oxytocin challenge test was performed and was negative 
in 10 cases and positive in four cases. In the latter four 
patients, labor was induced, and all required cesarean 
section because of severe fetal distress. The remaining 
58 women were followed up at the High Risk Pregnancy 
Unit until spontaneous labor began. The interval from 
the diagnosis of the deceleration until delivery ranged 
from 1 to 28 days. In eight of the 58 cases fetal distress 
was observed during labor, and in four of the cases 
cesarean section was required. Fetal distress in labor 
was diagnosed in 12 cases (19.3%). This is ninefold 
more than in our general obstetric population. There 
were no cases of antepartum or intrapartum fetal 
death. 

Since the obstetric sample of Dashow and Read is 
very selective, this may explain the high rate of ante- 
partum fetal death (three of 12). In our series. in 32 
of 62 cases the nonstress test was part of routine ob- 
stetric examination in otherwise normal pregnancy. 

In conclusion, it is our opinion that the occurrence 
of single sporadic deceleration at géstational ages of 32 
to 42 weeks is not an alarming sign providing the non- 
stress test and oxytocin challenge test are normal. How- 


George Malkasian, M.D. 


January l, 1985 
Am J Obstet Gynecol 


ever, the incidence of fetal distress during labor is 
significantly higher in fetuses with single sporadic de- 
celeration as compared to the normal parturient pop- 
ulation. } 
M. Mazor 

Z. J. Hagay 

J- R. Letberman 

M. Katz 

V. Insler 


Division of Obstetrics and Gynecology 

Soroka Medical Center and Ben-Gurion University 
of ihe Negev - 

Beersheba, Israel 
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Reply to Mazor et al. 


To the Editors: 

The interest in our article is greatly appreciated. 
We apologize for the confusion concerning the term 
“bradycardia”; however, we adopted this from Druzin 
et al.,’ as we also felt- it appropriate for this pattern 
change. The patterns seen in all 12 cases were sporadic 
changes as opposed to baseline bradycardia. 

It is difficult to understand the perplexity felt con- 
cerning our conclusion and clinical management ad- 
vice. We realize that with our study and that of Druzin 
et al.' there are few numbers cited. Given the significant 
outcomes, however, of these patients and the study cit- 
ed by Hagay et al., we would not think it too radical 
to recommend that, when dealing with a combination | 
of a high-risk situation and/or oligohydramnios and the 
aforementioned fetal heart rate change, a more inten- 
sive management program be utilized, i.e., more fre- 
quent antepartum testing (nonstress test, oxytocin chal- 
lenge test, biophysical profile) or possibly delivery. 

Since the end of our study three more of our patients 
have had the bradycardia pattern discussed. Two pa- 
tients were at 4] weeks’ gestation with inducible cervices 
and underwent nonstress tests because of late dates. 
Both had reactive nonstress tests and negative oxytocin 
challenge tests. Labor was induced 1 and 2 days after 
the bradycardia pattern, and both patients underwent 
cesarean section secondary to fetal distress manifested 
by late decelerations and significantly depressed scalp 
pH. Both had decreased but adequate amniotic fluid 
volumes on ultrasound examination before delivery 
and at rupture of membranes. Other than late dates, 
there was no obvious reason for the distress. The in- 
fants did well following delivery. The third patient had 
a nonstress test at 35 weeks’ gestation because of de- 
creased fetal movement. The nonstress test was reac- 
tive with one deceleration to 80 bpm for 14% minutes 
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from a baseline of 140 bpm. The oxytocin challenge 
test was negative. She was followed until 37 weeks’ ges- 
tation with biweekly nonstress tests, which were re- 
active without bradycardia, and weekly biophysical 
profiles (three), which were all greater than 8. Fetal 
movements during the observation period were daily 
and cyclic. At 37 weeks she went into labor and un- 
derwent a cesarean section at 4 cm following severe 
variable decelerations. There were two tight wraps of 
nuchal cord. The infant did well following delivery. 

In conclusion, it is our opinion that the previously 
mentioned sporadic bradycardia pattern is a significant 
finding and calls for more intensive monitoring and 
possibly expedient delivery. 

Edward E. Deshow, Lieutenant Commander, MC, USA 

Depariment of Obstetrics and Gynecology 
Madigan Army Medical Center 
P. O. Box 838 
Tacoma, Washington 9843 I 
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Measurement of cervical dilatation 


To the Editors: 
This is with reference to the article of Fayemi et al., 
Internal and external cervical os dilatation with vaginal 


15-methyl prostaglandin Fp (AM J OBSTET GYNECOL | 


1983; 146:219). I wish to point out a basic error in their 
data. 

They measured cervical dilatation with the use of 
Hegar dilators. This means that the diameter of the 
cervical os was determined correct to the nearest mil- 
limeter. However, the mean cervical dilatation in Table 
I is presented in terms of a hundredth of a millimeter. 
This gives a spurious appearance of accuracy which is 
unwarranted and misleading. 

By means of a calculator it is easy to compute aver- 
ages to the third decimal place. However, since the raw 
figures themselves are accurate only to the nearest mil- 
limeter, the numbers after the decimal point are not 
` significant, and the mean should have been rounded 
off to the nearest millimeter. 

Itis a basic principle of statistics that the mean cannot 
be more accurate than the raw data from which it is 
derived. This principle has been violated in order to 
present figures that look more accurate than they really 
are. i 
Dr. Aniruddha Malpani 
Malpani Hospital 
Jamuna Sagar 
Bhagat Singh Road 
Colaba 
Bombay 400 005, India 
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Genetic counseling for low maternal serum 

«-fetoprotein 
To the Editors: 

An association between low maternal serum a-feto- 
protein and fetal chromosome abnormalities was re- 
ported (Merkatz IR, Nitowsky HM, Macri JN, John- 
son WE. An association between low maternal serum 
a-fetoprotein and fetal chromosomal abnormalities. 
Am J OsstTet GYNECOL 1984;148:886.) It has recently 
been suggested that both advanced maternal age and 
low maternal serum a-fetoprotein during a pregnancy 
provide independent measures of the risk for Down 
syndrome.’ 

Recently we provided genetic counseling to a 37- 
year-old woman, gravida 2, para 1. She was initially 
offered amniocentesis counseling on the basis of ad- 
vanced maternal age but cancelled the appointment 
because she had decided against having the procedure. 
She did agree to a maternal serum a-fetoprotein 
screening, however, which was less than 0.4 multiples 
of the median for her gestational age. 

On the basis of this result, she and her husband were 
counseled that their true risk for a trisomic fetus was 
probably higher than the 2% risk based on age alone, 
although we were not able to furnish a more accurate 
risk figure. The couple then reconsidered their original 
decision and decided to undergo amniocentesis. Fetal 
karyotype indicated trisomy 21, and they elected to 
terminate the pregnancy. 

Although the mechanism for the low a-fetoprotein 
levels in pregnancies with Down syndrome and other 
chromosome abnormalities 1s not yet known, other lab- 
oratories have noted this phenomenon.’ It is hoped that 
risk tables will be constructed with combined data on 
both maternal age and maternal serum a-fetoprotein 


to allow more accurate genetic counseling and to iden- 


tify a higher percentage of trisomic pregnancies. 
Dianne Abuelo, M.D. 
Gail Barsel Bowers, M.S. 
Genetic Counseling Center 
Rhode Island Hospital 
593 Eddy Street 
Providence, Rhode Island 02902 
Victor Haddad, M.D. 
1030 President Avenue 
Fall River, Massachusetts 02720 


„ 
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‘Roster of American obstetric and gynecologic societies* 


(Appears annually in the January J issue) 


American Board of Obstetrics and Gynecology, Inc. 


(1930) President, Leo J. Dunn. Executive Direc- 


tor, James A. Merrill, 4507 University Way 
N.E. #204, Seattle, Wash. 98105. 


American College of Obstetricians and Gynecologists. 
(1951) Prestdent, Luella Klein. Secretary, Ezra 
C. Davidson, Jr., 600 Maryland Ave., S.W., Ste. 


300E, Washington, D. C. 20024-2588. Meet- 


‘ing, May 13-16, 1985. 


American Gynecological and Obstetrical Society. Pres- 
ident, Joseph Seitchik. Secretary, Richard F. 
Mattingly, Medical College of Wisconsin, 8700 
W. Wisconsin Ave., Milwaukee, WI 53226. 
Meeting, Sept. 4-7, 1985. 


Central Association of Obstetricians and Gynecolo- 
gists. (1929) President, George D. Malkasian, 
Jr. Secretary, James H. Maxwell, 320 E. Fon- 
tanero, Ste. 106, Colorado Springs, Colo. 
80907. Meeting, Oct. 10-12, 1985. - 


American Association of Pro Life Obstetricians and 
Gynecologists. 


_ Atlanta Obstetrical and Gynecological Society. (1953) 


Bronx Gynecological and Obstetrical Society. Pres- 
ident, John T. Parente. Secretary, George 
Kleiner, 3424 Kossuth Ave., Bronx, N. Y. 
10467. Meetings, third Monday of each 
month. 


*Changes, omissions, and corrections must be. received by 
the publisher two months in advance (by November 1) for the 
Roster. Please address the Journal Editing Department, The 
C. V. Mosby Company, 11830 Westline Industrial Drive, St. 


Louis, Missouri 63146. The number after the society’s name 


is the year of founding. For further information, address the 
respective secretaries. 
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Pacific Coast Obstetrical and Gynecological Society. 
(1931) President, Edward C. Hill. Secretary, Wal- 
ter S. Keifer, 1145 Broadway, Seattle, Wash. 
98122. Meeting, Sept. 29—Oct. 4, 1985. 


Society for Gynecologic Investigation. President, Wil- 
liam N. Spellacy. Secretary, John M. Bisson- 
nette, Rm. 426, Research Bldg., Oregon 
Health Sciences University, Portland, Ore. 
97201. Meeting, March 20-23, 1985. 


Society of Obstetricians and Gynaecologists of Can- 
ada. (1945) President, Betty J. Poland. Secretary, 
Patrick T. Mohide, McMaster University, Fac- 
ulty of Health Sciences, Dept. of Ob/Gyn, 1200 
Main St. West, Rm 4D7, Hamilton, Ont., Can- 
ada L8N 3Z5. 


| South Atlantic Association of Obstetricians and Gy- 


necologists. (1938) President, William T. Mix- 
son. Secretary, Hobart C. Hortman, Jr., 10 Hos- 
pital Circle, Rome, oa 30161. Meeting, Jan. 
27- 30, 1985. 


Brooklyn Gynecological Society, Inc. President, 
Thomas Manzo. Secretary, Gwen Gentile, Box 
24, Downstate Medical Center, Brooklyn, 
N. Y. 11203. Meetings, Jan. 16, Feb. 20, March 
20, April 17, and May 15, 1985. 


Buffalo Gynecologic & Obstetric Society. (1945) Pres- 
went, Norman G. Courey. Secretary, Camille M. 
Perla, 77 Livingston St., Buffalo, N. Y. 14213. 
Meetings, Jan. 8, Feb. 12, March 12, and April 
2, 1985. 


Chicago. Gynecological Society. President, George D. 
Wilbanks. Secretary, Melvin V. Gerbie, 707. N. 
Fairbanks Ct., Chicago, Ill. 60611. Meetings, 
third Friday of Oct.-June. 
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Cleveland Society of Obstetricians and Gynecologists. 
` President, Matthew Biscotti. Secretary, Jeffrey C. 
Seiler, 9500 Euclid Ave., Cleveland, Ohio 
44106. Meetings, Jan. 16, Feb. 20, March 20, 
and May 29, 1985. ; 


Columbus Obstetric. and Gynecologic Society. 
East Bay Gynecological Society. 
Florida Obstetric and Gynecologic Society. 


Georgia Obstetrical and Gynecological Society, Inc. 
(1950) 


Infectious Disease Society for Obstetrics and Gyne- 
cology. (1976) President, Marvin S. Amstey. 
Secretary, Richard L. Sweet, Rm, 6J2, San Fran- 
cisco General Hospital, San Francisco, Calif. 
94110. Meeting, Aug 7-10, 1985. 


Kansas City Gynecological Society. (1932) President, 
William J. Huse. Secretary, Carl R. Slaughter, 
5601 N.E. Antioch Rd., Gladstone, MO 64119. 
Meetings, third Thursday of Jan., March, May, 
Sept., and Nov. 


Little Rock Gynecological Society, Inc. 


Memphis and Shelby County Obstetrical and Gy- 
necologic Society. President, Jesse Woodall. 
Secretary, Frank W. Ling, 800 Madison, Dept. 
Ob/Gyn, University of Tennessee, Memphis, 
Tenn. 38163. Meetings, on called basis. 


Miami Obstetrical and Gynecological Society. (1946) 
President, Richard Corson. Secretary, Chester 
Morris, 660 N.E. 95th St., Miami Shores, Fla. 
33138. Meetings, second Thursday of Jan., 
- March, and May. 


Milwaukee Gynecological Society. (1951) President, 
Michael Jaekels. Secretary, Robert H. Herzog, 
850 Elm Grove Rd., Elm Grove, Wisc. 53122. 
Meetings, Feb. 11, March 11, and April 15, 
1985. 


Montana Section American College of Obstetricians 
and Gynecologists. (1948) President, John T. 
Browne. Secretary, Thomas C. Olson, P.O. Box 
35100, Billings, MT 59107. Meeting, Feb. 28- 
March 2. ; 


New Jersey Obstetrical and Gynecological Society. 
(1947) President, Robert Malatesta. Secretary, 
R. Richard Messick, 2 Princess Rd., Lawrence- 
ville, N. J. 08648, Meeting, June 7, 1985. 
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New York Gynecological Society, Inc. President, Kevin 
Reilly. Secretary, David F. James, 45 East 85th 
St., New York, N. Y. 10028. Meetings, Jan. 23, 
March 27, May 22, and Oct. 23, 1985. 


North Carolina Obstetrical and Gynecological So- 
ciety. 


North Dakota Society of Obstetrics and Gynecology. 
(1938) President, Tom Jacobson Hettinges. Sec- 
retary, S. P. Christensen, 737 Broadway, Fargo, 

© N. D. 58123. Meeting, Sept. 6-7, 1985. 


Obstetrical Society of Philadelphia. (1868) President, 
Luigi Mastroianni. Secretary, Jan Schneider, 
Medical College of Pennsylvania, 3300 Henry 
Ave., Philadelphia, Pa. 19129. Meetings, sec- 
ond Thursday Oct.-May. 


Oklahoma City Obstetrical and Gynecological Soci- 
ety. (1940) President, Mayo Gilson. Secretary, 
Michael Seikel, 3131 N.W. Expressway, Okla- 
homa City, Okla. 73112. Meetings, second 
Monday of Feb., March, and May. 


Peninsula Gynecologic Society. 


St. Louis Gynecological Society. (1877) President, Gary 
Sheldon. Secretary, Jerry Middleton, 23 Cler- 
mont Ln., St. Louis, Mo. 63124. Meetings, 
third Thursday of Feb. and April. 


San Antonio Obstetrical and Gynecological Society. 


San Diego Gynecological Society. (1929) President, 
Kenneth D. Crippen. Secretary, Elizabeth 
Wilder, 4647 Zion Ave., San Diego, Calif. 
92120. Meetings, fourth Tuesday of every 
month, Sept.-May. 


San Francisco Gynecological Society. (1929) Prest- 
dent, George Winch. Secretary, Gordon Pea- 
cock, 3878 California St., San Francisco, Calif. 
94114. Meetings, by invitation. 


Schufelt Gynecologic Society of Santa Clara Valley. 
(1947) 


Seattle Gynecologic Society. President, Donald C. 
Smith. Executive Secretary, Dept. Ob-Gyn (RH- 
20), University Hospital, Seattle, Wash. 98195. 
Meeting, Sept. 20-21, 1985. 


Texas Association of Obstetricians and Gynecolo- 
gists. (1931) President, George B. Coale HI. 
Secretary, Robert H. Wernecke, 1301 West 38th 
St., #403, Austin, Tex. 78705. Meeting, March 
6-8, 1985. 
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Virginia Obstetrical and Gynecological Society. Pres- 
ident, Clifford H. Fox. Secretary, Walter M. Zir- 
kle, Medical Arts Bidg., Harrisonburg, Va. 
22801. Meeting, Spring, 1985. — 


Washington Gynecological Society. 
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Wisconsin Obstetrical and Gynecological Society. 
Presideni, John W. Utrie. Secretary, Wiliam 
Martens, 10425 W. North Ave., Milwaukee, 
Wisc. 53226. Meeting, July 19-20, 1985. 


Youngstown Society of Obstetricians and Gynecol- 
ogists. 


BOOKS 





Books received 


Baby Hunger. Every Woman’s Longing for a Baby. Lois 
Leiderman Davitz. 136 pages. Minneapolis, 
1984, Winston Press. $7.95 (soft cover). 

Disease and Fertility. Joseph A. McFalls, Jr., and Mar- 
guerite Harvey McFalls. 593 pages, illustrated. 
Orlando, Florida, 1984, Academic Press Inc. 
$69.50/£49.00. : 

Drug Prescribing in Pregnancy. Beatrice Krauer, Felix 
Krauer, and Frank Hytten. 188 pages, illus- 
trated. New York, 1984, Churchill Living- 
stone, Inc. $19.00 (soft cover). 

Endocrinology, 1984. Theodore B. Schwartz and Will 
G. Ryan. 427 pages, illustrated. Chicago, 1984, 

< Year Book Medical Publishers, Inc. No price 

listed. ) 

Ontogeny of Bonding—Attachment. Progress in Re- 
productive Biology and Medicine, Volume I]. 
P. O. Hubinont. 178 pages, illustrated. Basel, 
Switzerland, 1984, Karger. $87.00. 


Progress in Obstetrics and Gynecology. Volume 4. 
. John Studd. 395 pages, illustrated. New York, 

1984, Churchill Livingstone, Inc. $26.00 (soft 
cover). 

Sexually Transmitted Diseases. King K. Holmes, Per- 
Anders Mardh, P. Frederick Sparling, and 
Paul J. Wiesner. 1079 pages, illustrated. New 
York, 1984, McGraw-Hill Book Company. 
$50.00. 

Suicide in Pregnancy. Edited by George J. Kleiner and 
Wilma Markus Greston. 213 pages, illustrated. 
Boston, 1984, Wright PSG, Inc. No price 
listed. 

Ultrasound in Perinatal Care. M. J. Bennett, Guest 
Editor. 187 pages, illustrated. New York, 1984, 
John Wiley & Sons, Inc. $37.00. 
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Announcements of major meetings and other significant activities must be 
received -at least 8 weeks before the desired month of publication. All an- 
“Nnouncements carry a charge of $45.00 U.S. and the fee must accompany the 
request to publish. Information will be limited to title of meeting, date, place, 
and an address to obtain further information. Send announcements and 
payment, payable to this JOURNAL, to The C. V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146. 


Gynecologic Surgery—Current and Future Issues, 


The George Washington University School of 
Medicine, March 14-16,.1985. Sponsored by 
the Department of Obstetrics and Gynecol- 
ogy. For further information contact: Arnold 


Friedman, M.D., Department of Obstetrics 


and Gynecology, 2150 Pennsylvania Ave., 
N.W., Washington, D. G. 20037. Tel.: (202) 
676-4374. 


Management of Complications of Gynecologic Sur- 


gery and Urology, April 26-27, 1985, The.. 


Drake Hotel, Chicago, Illinois. Sponsored by 
The University of Chicago Pritzker School of 
Medicine. For further information contact: 
CME Office, The University of Chicago, Box 
139, 5841 Maryland, Chicago, IL 60637. Tel.: 
(312) 962-1056. 


E Post Graduate Course in Essential Colposcopy and 


Gynecologic Laser Surgery, February 15-16, 
1985, Westin Oaks Hotel, The Galleria, Hous- 
ton, Texas. For further information contact: 
Dr. V. C. Wright, 887 Richmond St., London, 
Ontario, Canada N6A uh Tel.: (519) 438- 
1411. 


Eighth Annual Mid-Winter Saou in OB/GYN, 


152 


February 27—March 1, 1985, Scottsdale Hil- 


. ton Hotel, Scottsdale, Arizona. Co-sponsored 
by the Phoenix OB/GYN Society and the De- 


partment of OB/GY.N, Maricopa Medical Cen- 
ter. For further information contact: The Sec- 


Bound volumes available to subscribers 


retary, Phoenix OB/GYN Society, 3412 N. 
Fourth Ave., Phoenix, AZ 85013. Tel.: (602) 
241-1917. 

IPA/HMO Investment and Participation, Northeast 
Ohio Physician Meeting for Doctors of Ob- 
stetrics and Gynecology, Wednesday, February 
20, 1985, Western Reserve Health Plan, 19101 
Villaview Road, Suite 207, Cleveland, OH 
44119. For further information contact: Pro- 
vider Relations Department at (215) 486-0152. 

OB/GYN Courses: “Endocrinology and High Risk 
Pregnancy,” Rome/Dubrovnik, April 17-28, 
1985; “Genetics and Ultrasound,” Dubrovnik/ 
Rome, April 17-28, 1985. For further infor- 
mation contact: Dr. Robert C. Cefalo, Univer- 
sity of North Carolina, 214 McNider Building, © 
Chapel Hill, NC 27514. Tel.: (919) 967-5685. 


- An Update in Obstetrics and Gynecology for the Prac- 


ticing Specialist, February 11-15, 1985, Bev- 
erly Hilton Hotel, Beverly Hills, California. 
_ For further information contact: Obstetrical 
and Gynecological Assembly, 5820 Wilshire 
Blvd., Suite 500, Los Angeles, CA 90036. Tel.: 
(213) 937-5514. 


| Update’ in Diagnosing & Treating OB/GYN Infec- 


tions, March 9-10, 1985, Holiday Inn, Center 
Strip, Las Vegas, Nevada. For further infor- 
mation contact: GYNE-CME Fund, 2570 S. 
Bruce St., Suite # B-4, Las Vegas, NV 89109. 
Tel.: (702) 732-2590. : 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1985 issues from the Publisher, at a cost of $74.50 ($95.05 
international) for Vol. 151 (January-April), Vol. 152 (May-August), and Vol. 153 (Septem- 
ber-December). Shipping charges are included. Each bound volume contains a subject and 
author index and all advertising is removed. Copies are shipped within 30 days after 
publication of the last issue in the volume. The binding is durable buckram with the 
JOURNAL name, volume number, and year.stamped in gold on the spine. Payment must 
accompany all orders. Contact The C. V. Mosby Company, Circulation Department, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146, USA; phone (800) 325-4177, ext. 351. 

Subscriptions must be in force to qualify. Bound volumes are not available i in place 


of a regular JOURNAL subscription. 


Boston University Schoo! of Medicine 
Dept. of Obstetrics & Gynecology 


presents 


A REVIEW COURSE AND UPDATE IN 
OBSTETRICS AND GYNECOLOGY-1985 


March 25-27, 1985 


The Parker House 
Boston, Massachusetts 


This course is designed for Board Review and continuing medical 
education. A distinguished faculty will emphasize controversial 
topics and management of patients in broad areas of obstetrical 
and gynecological practice. This program should prove of interest 
to the practicing obstetrician-gynecologist, pediatrician, resident- 
in-training, as well as to the nurse-midwife and nurse practitioner. 


COURSE DIRECTOR 
Leonard J. Cibley, M.D. 


FACULTY 
Hugh Barber, MD Richard Hunter MD 
Stephen L. Curry, MD Janet Mitchell, MD ~ 
Thomas J. Garite, MD Norman Sadowsky, MD 
Jerome Groopman, MD Donald R. Coustan, MD 
Howard Jones, Jr., MD Fredric D. Frigaletto, MD 
Peter Pochi, MD Joseph W. Goldzieher, MD 
Leon Chesley, MD - Georgeanna Seegar Jones, MD 
Kenneth C. Edelin, MD David Nichols, MD 
Donald P Goldsteir, MD Richard H. Schwarz, MD 


CREDIT: AMA Category 1 
FEE: $365 MDs; $260 Residents and Nurses 


For further information, contact Dept. of Continuing Medical Education, 
Boston University School of Medicine, 80 E. Concord St., Boston, MA 
02118, (617) 247-5602. 


OROVILLE 
HOSPITAL 


& MEDICAL CENTER 


Obstetrics and Gynecology practice is available for 


two qualified practitioners. Appreciative patients, 


congenial mecical staff and supportive hospital 
board members announce the availability of this op- 
portunity. The practice will serve a population of 
55,000 people and will be adjacent to a sole commu- 
nity hospital of 100 beds (and growing). The hospital 
and medical staff is unfettered by HMOs, PPOs and 
other restrictions to the practice of medicine. Incen- 
tives include office rental pricing, deferral and initial 
period waiving of rental fees. 


The hospital and medical center is located in the 
scenic sierra foothills and offers the unique opportu- 
nity to pursue a professionally iulfilling career 
in a setting of natural beauty, superb recreation 
and affordable housing. Send inquiry and curriculum 
vitae to: 


Medical Staff Coordinator 

Oroville Hospital and Medical Center 
2767 Olive Highway 

Oroville, California 95965 


SOUTHERN CALIFORNIA 


Outstanding career opportunities for Board 
eligible/certified Perinatologists and general 
Obstetrician/ Gynecologists exist at our Hospital 
Medical Centers located in various parts of 
Southern California (Los Angeles, Orange, San 
Bernardino and San Diego Counties}. 


Facilities include fetal monitoring, laparoscopy, 
sonography, colposcopy, etc. We have internship 
and residency programs as well as university af- 
fillations. 


‘Excellent benefits include: Paid malpractice, med- 

ical and dental coverage, continuing education, 
vacation and sick leave, retirement plan, and 
partnership available after two years. 


Please write, including your curriculum vitae and 
professional references to: 


William G. McCormick, M.D. 

Regional Staffing Coordinator 
Departments of Obstetrics and Gynecology 
Southern California Permanente Medical Group 
9985 Sierra Avenue, BC-3 
Fontana, California 92335 


an equal opportunity employer 


FLORIDA 
IMMEDIATE OPENING 


Gyn-Reproductive 
Endocrinologist- 
Microsurgeon 


Womens Medical Center of America is seeking a gifted 
specialist in the field of women's health care. Our state-of- 
the-art facility is equipped to perform microsurgery. laser 
surgery, laparoscopy, hysteroscopy, sonography and 
colposcopy. 

Here on Floridas fast- -growing coast. you'll find 
a bright, sunny economic outlook as well as excellent 
cultural, educational and recreational offerings. 

Candidates must be sub-specialty board certified or 
eligible with a major interest in microsurgery or laser 


‘microsurgery. Benefits include: paid professional liability 


insurance, bonus, educational program, travel and 
expenses, health insurance; vacation and sick time. 


For consideration, reply to: 


Womens Medical Center 


of America 
3451 66th Street North, St. Petersburg, Florida 33710 
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` OB/GYN DIRECTOR 


i The Polyclinic Medical Center, à 550. bed 


,. teaching’ hospital, | affiliated with the | 
.. Pennsylvania State University School’ of: -| 
- Medicine, is seeking a director of its OB/GYN ` 

` Service. Candidates must be board certified, | 

< have administrative capabilities. as well as _. 
`: a strong commitment to medical. eaneanon a | 


`- „and clinical'service: 


i Polyclinic Medical eae loati in A 


' burg, the capital city. of Pennsylvania, is. | > 
equidistant from : Philadelphia and. | 


. Washington, D.C. Thirty-two full time physi- 


clans participate in the six fully’ approved . |- . 
; .residency training programs. A 15: bed .]:” 
. Neonatal Intensive Care Unit, staffed-by 3 
_ Neonatologists, supports the high risk preg- ms 


ae nancy outreach program. . 


; Interested ` individuals: please’ send .. cur- 
'-riculum vitae to-W: Stuart. Warren, M. D., 


“Chairman, Search Committee. 


Polyclinic Medical Center tie 
2601 N. Third Street - 
Harrisburg, PA 17110 . 
717-782-2879 | 


‘AMERICAN SOCIETY FORTHE ~~ 
i IMMUNOLOGY OF REPRODUCTION. 
2 Sixth Annual International Symposium 
June. 13-15, 1985. 


Ann Arbor, Mrehigat: 


i Topics: ; 
.,. The Future of Reproductive anea! a 
., Maternal Immunoregulation during Pregnancy | 


_ -Placenta as an Immunological Barrier 


x ‘Immunogenetics of the Maternal-Fetal Interaction 


| ' Hy Antigen(s) in Reproduction 


o Immunobiology of the Uterus 
.. Inflammatory Mediators, Oxygen-free Radicals, and’. 
-Tissue Injury 
Is ‘the Placenta at Risk?. . 
a of the e Tophoblas 


Port more miommalon: 


Office of Continuing Medical Education 
a, ‘Towsley Center Box 057 
+ The University of Michigan Medical School 
“ . Ann Arbor, Michigan 48109-0010 
(313) 763-1400. _ - 


38A 


OBSTETRICIAN- 
` GYNECOLOGIST 


= Position available with The Permanente 
‘Medical Group, San‘: Jose, California. 
Young, dynamic and growing Department 
coffers the right person excellent clinical 


‚experience. ‘New office and hospital 


: ‘facilities. Located one hour from San 


‘Francisco, one-half hour: from Pacific - 


’'Ocean beaches and three and one-half -. 


hours from ski areas around Lake Tahoe. 
The Permanente Medical Group offers a’ 


competitive salary and excellent fringe 
| benefits. For further information, contact: 


- J. K. BURGARD, M.D. 
- Chief of OB/GYN 
. The Permanente Medical Group 
_ 260 International Circle 
-San Jose; CA 95119 
.. (408) 972-6220 (collect) 


JOIN US!. | 
‘An EEO/AA Employer — 


` MU LTI- DISCIPLINARY ` 
_ MICROSURGICAL 


_ TRAINING |. 
RALPH K. DAVIES | 
 MẸDICAL CENTER 


© .* | or 2 week courses available | 
S continuously throughout the year. 


- Course. includes: Individual. instruction in ` 
"microsurgery techniques & principles at fun- 
... damental and. advanced levels, audiovisual. - 
` programs for laboratory & clinical settings 


and daily intensive practice sessions ina fully — 
equipped laboratory. The course has been 
approved for 35 hours of Category 1 Credit 


bo aad FaR Education. Committee. _ 


|. WRITE: 


7 Laboratory Director 


= : Microsurgery a 


` Ralph K. Davies Medical Center 
. ,Castro & Duboce 
“San Francisco, CA 941 14° . 





POSITION VACANCY 


POSITION: 

ASSISTANT PROFESSOR (NON-M.D.) 

THE DEPARTMENT OF a AND 
GYNECOLOGY 

THE DIVISION OF REPRODUCTIVE BIOLOGY/ 
ENDOCRINOLOGY, 

THE IN VITRO FERTILIZATION PROGRAM . 

THE SCHOOL OF MEDICINE, 

THE UNIVERSITY OF ALABAMA IN BIRMINGHAM 


Ph.D. faculty, the Department of Obstetrics and Gynecology, 


The University of Alabama in Birmingham, The Division of Endoc- _ 


rinology. The area cf expertise in physiology and/or embryology. 
Minimum experience: two years in embryo handling with animal 
models or human embryos. Experience in humster assay, androl- 
ogy and investigation of male infertility required. Non-tenured 
Assistant Professor cf Obstetrics and Gynecology, the School 
of Medicine. Experience in cryopreservation of gamets and 
zygotes desired. 


Compensation commensurate with previous experience. 


W. Robert Wright, Jr, FACMGA 
Obstetrics and Gynecology 
University of Alabama in Birmingham 
Room 4590HB 

Birmingham, AL 35294 


AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER 


PERSONALIZED 
LIBRARY CASES 


Keep your personal copies of AMERICAN JOURNAL OF 
OBSTETRICS AND GYNECOLOGY in these specially 
designed library file cases. Designed to keep your journal 
copies near at nand in your office, library, or home. 

Your case is heavy bookbinder’s board i in rich red Kivar 
cover. Files are scuff-resistant and washab‘e. 

Lettering is stamped in gold leaf and the cases make a fit 
companion for the most costly binding. 

Files are reasonably priced—only $6.95 each, postpaid (3 
for $20.00, 6 for $36.00). Add $2.50 postage per case for 
orders outside U. S. Prepayment must be in U. S. funds 
only. Satisfaction unconditionally guaranteed or your 
money back! Use the coupon for prompt shipment. 


Jesse Jones Box Corporation (est. 1843) 
P. O. Box 5120 
Philadelphia, Pa. 19141 


Please send me, postpaid —- library cases for 
AMERICAN JOURNAL OF OBSTETRICS AND 
- GYNECOLOGY at $6.95 each (3/$20.00, 6/$36.00.) 


O NEW SIZE (8%4” X 11”) 3 cases/year 
O OLD SIZE (7%4" x 1042") copies prior to 1975 
(2 cases/year) 


Name 
Address 
City” 


IMMEDIATE OPENINGS 
OB/GYN 


The independent medical groups 
affiliated with HIP/ HMO, largest pre- 
paid group practice plan in the East, 
offer challenging full time career 
opportunities in New York City and 
environs, for physicians Board Certi- 
fied/Eligible in OB/GYN. 


Negotiable starting salary, malprac- 
tice insurance, comprehensive ben- 
efits, future equity. 


Mail CV in confidence to address 
below. No phone Calls, please. 


Hilo. 


Physician Recruitment Program 
Health Insurance Pian of Greater NY 
220 W. 58 St, NY, NY 10019 


The HIP/ HMO affiliated medical groups 
are equal opportunity employers, m/f 


Introduces 


A Dedicated Needle Designed 
Specifically For Amniocentesis. 


Precision ground cutting 
stylette. 


4 side openings minimize 
amniotic debris blockage 


Tapered blunt 22 ga. cannula 
reduces risk to fetus, — 


Closely tapered transition 

from cannula to’ stylette 

eases insertion. 

Available Separately 
3 part 22 ga. needle Cat. #4574-43-3522 
or 
In a 2-tiered kit with 
full prep and procedure trays Cat. #7004-60-0000 


Universal Medical Instrument Corp, 


Box 100, Ballston Spa, New York 12020 (518) 587-5095 or (800) 833-6237 
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Boston University School of Medicine 
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Amnioscentesis Needle ......ccccccccccssccssnccnccceeees 36A 


University of Alabama in Birmingham 
Opportunity Available sesser 36A 


_ University of Michigan Medical School 


© VINDOSUUN wit writen a noes 38A 


Women’s Medical Center of America 
Opportunity Available .....cccccssscccsccsssereceeesseees 37A 
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ORTHO-NOVUM* 7/7/7 Tablets (norethindrone/ethiny! estradiol) 


Each white tablet contains 0.5 A norethindrone and 0 045 mg ethinyl estrada! Each light peach fablet contams 
0.75 mg norethindrone and 2.055 mg ethiny! estradiol Each peach tablet contens 1 mg norettendrone and 


0.035 mg ethinyl estradiol Each green tabiet in 28-day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing in!ormation provided with 
the product and theretore should not be used as the basis for prescribing the product. This summary was prepared 
by deleting trom the complete prescriting information certain text. tables, and reterences. The physician should 
be thoroughly familiar with the complete prescribing information before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 
DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies nave shown a 
positive associahon between the dose of estrogens in oral contraceptives and the nsk of thromboembohsm For 
its reason cis prudent and in Keeping wit th good principles of theraneutes to murati exposure to estrogen The 
orai contraceptive product prescr: rae any given patient should be thal preguet which contains the least amount 
of estrogen that is compatible with an acceptable pregnancy rale and patent acceptance It is recommended that 
new acceptors ot oral contracept eaves tated on prepafations centa:ning C5 mg ar tess at estrogen 
CONTRAINDICATIONS: Oral contracep’ives should not ba used :n women with any af the following conditions. 4 
Thrombophiebitis or thramboembolic disorders. 2 A past history of deep vem thrambophietets or thrarmsoembo- 
ic disorders. 3. Cerebral vascular or coronary artery disease 4 Known or suspected cat enoma of the breast 5 
Known or suspected estrogen: dependent teaplasia 6 U diagnosed. abnormi genital bleeding 7 Gr: trace- 
uve tablets may cause fetal harm when admunstered ta a pregnant woman Oraj contraceptive tablets are 
contraindicated in women who are pregnant if the patent becomes pregnant wohe taking this dru ug. the paheni 
should be apprised of the potential hazarc to the fetus (see WARNINGS. No 5i B Benign of malignant hver tumor 
which developed duneng the use of oral contraceptives or ather est roger- cantang products 

WARUNGS 
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i thromboembolism. stroke, eae infarction, Mil adenoma, saliblagder disease, g edee ; 
| these tists prescribing oral contraceptives should be familiar with the following information relating to | 
|1 these risks 





Herrin eee mvn: AA i tnnuese? 





1 TRROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS An incraased nsk at thromboembolic and 
thrombotic disease associated with the use of oral contraceptives :s wellestabished Four gencipal studies in Great 
Britain and three im the United States have demonstrated an increased rsa of fatal and nonfatal vendus 
thromgoemborsm and Stroke both hemorrhagic and thrambotc These Stuces estimate that users of orai 
contraceptives are 4 ta 11 limes more bke'y than nonusers to develop these g ei wifhout evident cause Overall 
excess Mortlaty Sue to pulmonary emboisin or stroke is on the order of 10 to 35 deaths annually per 190.000 
users and increases with age CEREBROVASCULAR DISORDERS: in a collaboratwe Amercan stucy af cereprova 
Sculat disorders i women with and without predsspos:ng Causes. it was estimated that the risk of hemorrhagic 
stroke was Z 0 times greater in users tar in nonusers and the nsk of thrambote stroke was 4 0109S tenes greater 
users than in nonusers A prospective Study conducted it Great Britain estimated that former users dave a risk for 

ali cerebrovascular disease 2 6 mes greater than that at nonusers Ths risk remained elevated for at least sex years 
affer last oral contraceptive use A prospective study Conducted it the Undead States found that pas! ; use of ara! 
COMtracephves was associated with men ask of subarachnoid her marrage the relative tsk being 5.3 There 
was aiso some evidence fram this study tat the degree of isk may be related to durahan of orai contraceahve use 
MYOCARDIAL INFARCTION: An :ncre ased p of myocardial infarct on associated with the usec Gf oral contracep 

wes has heen reported costirmmg z Drewousty suspected associate These studies. conducted in the United 
Kingdom. found. as expected. that the greater the number gf underlying rsk factors for Coronary artery disease 
fe igarette smoking, hypertension nyoerchalestersleama. obesity. diabetes. history of preeciamphe toxemiaj, the 

higher the rigk of dev eloging myocardial infarchon. regardless of whether the patent was an oral contraceptive user 

Of net Ora contraceplives, however were found to be a clear additonal ssk factor, The annual excess case rate 
oncreased nisk) of myocardial onian hon itate! and nontatal) in orai contraceptive users was estunated to-pe 
approximately 7 cases per 100. 900 w users the 30.39 age group and 67 cases per 196.000 women usersin 
the 40-44 age group in terms of elatve isk has been esumaied that orai Cont-aceptive users whe dh nol Smoke 
ismoking s considered a maar eal saGsing coOndtian to Myocardial infarc tian) are about fwit 
fatal myocardial mfarction as nonusers who do not smoke Ora! contraceptive users whos 
about 4 S-foid increased tisk of fatai infarction compared to users wha do not smoke. but 
INCPAASES risk compared to nonusers who do not smoke. Further } j 



















factor In determining the importance of these relative rsks. hg gé QtOUDS 
must Be given senous consideration The importan ned ahve ir 


determining relative and absolute nsks has not as yë 
act On ex ists. but piia to a lesser exter j 
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söt throm ave beer repor es WE women us ene rece. Foc and they si aid nol be 
umed to be Mi : he ask of throniboembole and thrombohe cisarders on Both users and 
Malle Of otai ORT aceptives onc eases with age Oral contraceptives are. nowever, an independent nSk factor 
Se events EST iMA ‘OF EXCESS MORTAL TY FROM CIRCULATORY DISEASES: A A large prospective study 
i mied Kingdam estimated the mortality rate per 100.000 women per year from diseases of the 
im for users and nonusers ot oral contraceptives according to age, smoking habits. and duration of 
use. Th ral excess death rate arually tram circulatory G:seases for oral contraceptive users was estimated to 
pe 20 per 109.000 (ages 15-34~—-5/1900.000. ages 35.44-~33/100 006 ages 45- 49- 140.100.0000). tne msi being 
conbentrated in alder women on these with a iong duration of use. angir pele smokers H was not posadie. 
however tO examine the GENCE STDs ef age. smoking. and duration of use. nor to compare the effects of 
COMTMUOUS Versus imftermitient use Although the Study showed a t0- foid nerease N gealh due to crculatary 
Hseaseson users for hive or more years ail of these deaths occurred in women 35 of older Unui larger numbers o! 
women under 33 with continuous use fcr hve or more years are avaiable. it 1s net possible ta assess the magnitude 
af the relative risk for this younger age group This study reports that the increased osk af creviatary disease 
moftably May persist after the pil is discoetnued Another study oublished at the same bme confirms a previously 
reported increase of mortality in pid users from cardiovascular disease The study concluded that the mortality 
associated wilh af methods of birth castro! ss low ang below that associated with cinidbicth. wath the excepten of 
Ord! COMTaceptves is women over 40 wha smoke (The rates given for gill anty- smokers for each age gr Oup are for 
smýkers as aciass For heavy smokers [more than 15 cigarettes a day} the rates given would be about double. for 
ght smokers [less than 15 cigarettes a day], about 50 percent | The mortality associated with orai contraceptive 
use in nonsmokers over 40/5 higher than with any other method of contraceptian is thal age group The lowest 
Mortality 1s assonated with the condom of diaphragm backed up by early abortian The risk of throm oem dole and 
thromGone disease associated with orai contraceptives increases with age ater approximately age 30 anc. tar 
myocardial infarcuan, is further increased by hypertension. hypercholesteralemia, obesity. Giabetes oF history of 
dreeclampuc toxemia and especially by cigarette smoking The ask af myocardial infarctuan in ora! contraceptive 
JSer5 1S SuUDSTantially increased in women age 40 and over. especiai ily those weth other isk factors The physician 
and the patent should be alert to the earliest manifestahans of thrambaembale and thrambatic dsorders ie g 
thrombaghi euts. puimonary empoksm. cerebrövascidar insufficiency. coronary occlusion, retinal Thrambasis. 
nd mesentenc thrombosis} Should any of these occur or be Suspected the drug 5 muig be discontinued 
mirnediately, Nee to six-fold increased nok of pastsurgery ihrornpoembaic complicat ons has deen rapgrted ir: 
yal contraceptive users ff taasible. oral contraceptives shouid be disconhaued al least four weeks netore surgery 
H a type associated with an increased: sk af thromboembolism of prolonged immobilization 2 GCULAR LESIONS 
There have been reports of neuro ocular lesions such as optic neuritis or retinal thrombosis assoc ated with the use 
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In the treatment of 
vulvovaginal candidiasis, 
patients will appreciate 
it for more than its prompt, 

proven efficacy. 


Clinically demonstrated efficacy’ 
in a no-mess, no-stain base— 
therapy that encourages 

patient compliance. 





i m a. 
P MILES 
l E eas, 


See brief summary of prescribing Sit : 
information on following page. Miles Pharmaceuticals 





In vulvovaginal 
candidiasis, 

your choice 

and her preference... 


Aycelex- 
(lotr imazole) 196 Vaginal 


indications: Mycelex-G Vaginal Cream is 
indicated for the local treatment of patients 
with vulvovaginal candidiasis (moniliasis). As 
Mycelex-G Vaginal Cream has been shown to be 
effective only for candidal vulvovaginitis, the 
diagnosis shouid be confirmed by KOH smears 
and/or cultures. Other pathogens commonly 
associated with vulvovaginitis {Trichomonas and 
Hemophilus vaginalis) should be ruled out by 
appropriate laboratory methods. 

tudies have shown that women taking oral 
contraceptives had a cure rate similar to those 
not taking oral contraceptives. 
Contraindications: Mycelex-G Vaginal Cream 
is contraindicated in women who have shown 
hypersensitivity to any of the components of the 

reparation. 
autions: Laboratory Tests: If there is a 

lack of response to Mycelex-G Vaginal Cream, 
appropriate microbiological studies should be 
repeated to confirm the diagnosis and rule 
Out other pathogens before instituting another 
course of antimycotic therapy. 

Usage in Pregnancy: While Mycelex-G Vaginal 
Cream has not been studied in the first trimester 
of pregnancy, use in the second and third tri- 
mesters has not been associated with il! effects. 

Application of “C-labeled clotrimazole has 
shown negligible absorption (peak serumpevel 
of 0.01 pg/ml 24 hours after insertion of vaginal 
cream containing 50 mg of active drug) from 
both normal and inflamed human vaginal 
mucosa. 

Adverse Reactions: Three (0.5%) of the 653 
patients treated with Mycelex-G Vaginal Cream 
reported compiaints during therapy that were 
possibly drug related. Vaginal burning occurred 
mone patient: erythema, irritation, and burning 
in another, intercurrent cystitis was reported in 
the third, 
Dosage and Administration: Mycelex-G 
Vaginal Cream has been found to be effective 
when used from seven to fourteen days: studies 
have shown that patients treated for fourteen 
days had a significantly higher cure rate. The 
recommended dose is one applicatorful a day 
for seven to fourteen consecutive days; using the 
applicator supplied, insert one applicatortul of 
cream (approximately 5 grams) intravaginally 
eee at bedtime. — 
ow Supplied: Mycelex-G Vaginal Cream 1% 
is supplied in 45 and 90 gram tubes with a 
measured-ciose applicator: for seven-day and 
for fourteen-day treatments. 
Store between 35° and 86°F (2° and 30°C). 


Reference: 1. Robertson WH: Vulvovaginal can- 
didiasis treated with clotrimazole crearn in seven 
days Sl ite with fourteen-day treatment with 
miconazoie cream. Am J Obstet Gynecol 
132:321-323, 1978. 
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An additional double-blind randomized study confirms the 
efficacy of ZOVIRAX Ointment 5% in patients with initial 
infections who presented within 6 days of onset of lesions” 


ZOVIRAX 
OINTMENT 5% 
(35 patients) 


Day 11.2 


(mean duration) 


(mean duration) 
complete healing 


virus no longer present’ 


Placebo 


(34 patients) Day 15.8 


(mean duration) 
complete healing 


(mean duration) 
virus no longer present 


*For the best clinical response, ZOVIRAX Ointment 5% 
therapy should be initiated as early as possible following 
onset of signs and symptoms. 
tPatients in this study applied ZOVIRAX 4 times daily for 
7 days; recommended therapy is 6 times daily for 7 days 


‘Virus no longer present is a measure of the antiviral 
effect of ZOVIRAX and means that the replication and 
shedding of the virus have ceased at the sites cultured. 


Antiviral and complete healing results in this study are 


based on ZOVIRAX applied 4 to 6 times a day for 7 days; 


the recommended therapy for ZOVIRAX Ointment 5% 
is 6 times a day for 7 days. 





What's more, either form of the medication — 
I.V. or topical — rapidly achieves potent antiviral 
effects. Within hours, the I.V. form reaches 
plasma concentration levels that are substantially 
higher than the 50% inhibitory dose required for 
Herpes simplex virus types 1 and ee 


And safety is not jeopardized by the antiviral 
potency of ZOVIRAX, which has a highly selective 
— virus-activated — mode of action. 


By prescribing early intervention with ZOVIRAX 
you can dramatically — 


[] alter the time the virus is present at the 
lesion site 


[] alter the number of new lesions formed 
[} alter the time to crusting and complete healing 
L] alter the time to cessation of pain 
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r the severe episode 
OVIRAX® cacyctovir sovium) Sterile Powder ror wrravenous mFusion onty 


ATIONS ANG USAGE: Zovirax Sterile Powder is indicated for the treatment of initiat and recurrent mucosal and cutaneous Herpes simplex (HSV-} and HSV- 
nections in immunocompromised adults and children. It is also indicated for severe initial clinical episodes of herpes genitalis in patients wha are not 
munocompramised. 

These indications are based on the results of several double-blind, placebo-controlied studies which evaluated the drug's effect on virus excretion, complete 
ling of lesions. and relief of pain. 


erpes Simplex Infections in immurocompromised Patients 

~ A multicenter trial of Zovirax Sterile Powder at a dose of 250 mg/M2 every 8 hours (750 mg/M2 day} for 7 days was conducted in 97 immunocompromised 
atients with oro-facial, esophageal, genital and other localized infections (50 treated with Zovirax and 47 with placebo}. Zovirax significantly decreased virus 
(cretion, reduced pain, and promoted scabbing and rapid healing of lesions, t.22 


initial Episodes of Herpes Genitalis 

controlled trial was conducted m 28 patients with severe initial episodes of herpes genitalis with a Zovirax dosage of 5 mg/kg every 8 hours for § days (12 
ents treated with Zovirax and 16 with placebo}. Significant treatment effects were seen in elimination of virus from lesions and in reduction of healing times.4 
a similar study, [5 patients with initial episodes of genital herpes were treated with Zovirax 5 mg/kg every 8 hours for 5 days and 15 with placebo. Zovirax 
ecreased the duration of viral excretion, new lesion formation, duration of vesicles and promoted more rapid healing of all lesions.5 





~The use of appropriate laboratory diagnostic procedures will help to establish the etiologic diagnosis. Positive cultures for Herpes simplex virus offer a 

ible means for confirmation of the diagnosis. In initial episodes of genital herpes, appropriate examinations should be performed to rule out other sexually 

ansmitted diseases. Whereas cutaneous lesions associated with Herpes simplex infections are often characteristic, the finding of multinucleated giant cells 
smears prepared from lesion exudate or scrapings may assist in the diagnosis$ 


CONTRAINDICATIONS: Zovirax Sterile Powder is contraindicated for patients wha develop hypersensitivity to the drug. 


ARNINGS: Zovirax Sterite Powder 1s intended for intravenous infusion only, and should not be admunistered tomcaily. intramuscularly, orally, subcutaneously, 
aa infusions must be given over a period of at least } {ane} hour to prevent renal tubular damage (see PRECAUTIONS ard DOSAGE AND 


CAUTIONS: 

bheral: The recommended dosage. frequency and length of treatment should not be exceeded (See DOSAGE AND ADMINISTRATION}. 

though the aqueous solubility of acyclovir sodium (for infusion) is > 100 mg/ml. precipitation of acyclovir crystals in renal tubules can occur if the 
imum solubility of free acyclovir (2.5 mg/ml at 37°C in water) is exceeded or sf the drug is administered by bolus injection. This complication causes a fise 
: rum creatinine and blood urea nitrogen (BUN), and a decrease in renal creatinine clearance. Ensuing renal tubular damage can produce acute renal 
Hue. 
Abnormal renal function (decreased creatinine clearance} can occur as a result of acyclovir admimstration and depends on the state ct the patient's 
ation, other treatments, and the rate of drug administration. Bolus administration of the drug leads to a 10% incidence ot renat dysfunction, while in 
led studies. infusion of 5 mg/kg (250 mg/M2) over an hour was associated with a lower frequency —~ 4.6%. Concomitant use of other nephrotoxic drugs, 
xisting renal disease, and dehydration make further renal impairment with acyclovir more likely. In most instances, alterations of renal function were 
sient and resolved spontaneously or with improvement of water and electrolyte balance, drug dosage adjustment or discontinuation of drug administration. 
avél, in some instances, these changes may progress to acute renal fadure. 

dministration of Zovirax by intravenous infusion must be accompanied by adequate hydration. Since maximum urme concentration occurs within the first 2 
à following infusion. particular attention should be given to establishing sufficient urine flow during that period in order to prevent precipitation in renal 




















ês.. 

hen dosage adjustments are required they should be based an estimated creatinine clearance (See DOSAGE AND ADMINISTRATION}. 

pproximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic changes characterized by either lethargy. obtundation, 
ors, confusion, hallucinations, agitation, seizures or coma. Zovirax should be used with caution in those patients who have underlying neurologic 
formalities and those with serious renal, hepatic, or electrolyte abnormalities or significant hypoxia. It should aiso be used with caution in patients who have 
anitested prior neurologic reactions to cytotoxic drugs œ those receiving concomitant intrathecal methotrexate or interferon. 

Exposure of HSV isolates to acyclovir in vitro can lead to the emergence of jess sensitive viruses. These viruses usually are deficient in thymidine kinase 
eguired for acyclovir activation} and are less pathogenic in animals. Similar isolates have been observed in 6 severely immunocompromised patients during 
g course of contrciled and uncontrolled studies of intravenously administered Zovirax. These occurred in patients with congenital severe combined im- 
unodeficiencies or following bone marrow transplantation. The presence of these viruses was not associated with a worsening of clinical iiness and, in some 
Stances, the virus disappeared spontaneously. The possibility of the appearance of jess sensitive viruses must be borne in mind when freating such patients. 
The selationship between the in vitro sensitivity of herpesviruses to acyclovir and clinical response to therapy has yet te be established. 


rug interactions: Co-administration of probenecid with acyclovir has been shown to increase the mean half-life and the area under the concentration-time 
‘Gutve, Urinary excretion and renal clearance were correspondingly reduced. Clinical experience has identitied no other significant interactions resulting from 
administration of other drugs concomutantly with Zovirax Sterite Powder. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Acyclovir was tested in lifetime bioassays in tats and mice at single daily doses of 50, 150 and 450 
omgike given by gavage. There was no statistically significant difference in the incidence of tumors between treated and control animals, nor did acyclovir 
sappear to shorten the latency of tumors. in 2 in vitro celi transformation assays, used to provide preliminary assessment af potential oncogenicity in advance of 
hese more definitive lifetime bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose used in one system and the 
resulting morphologically transformed cells formed tumors when inoculated into immunosuppressed, syngeneic, weanling mice. Acyclovir was negative in 
sanother transformation system. 
Ne chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg acyclovir in rats or Chinese hamsters: higher doses of 500 and 
4600 mg/kg were clastogenic in Chinese hamsters. in addition, no activity was found in a dominant lethal study in mice. in 9 of HE microbial and mammalian 
ell assays, no evidence of mutagenicity was observed. in 2 mammalian cell assays (human fymphocytes and L5L78Y mouse lymphoma cells in vire), positive 
sponses for mutagenicity and chromosomal damage occurred, but only at concentrations af least 25 times the acyclovir plasma levels achieved in man. 
-cReyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day. In female rabbits treated subcutaneously with acyclovir 
Subsequent to mating, there was a statistically significant decrease in implantation efficiency Dut no concomitant decrease in litter size at a dose of 
m0 meske/day. 
rege rah Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse (450 mg/kg/day. p.o.}, rabbit (50 mg/kg/day. 5.c.) or rat 
ne he/ day, 5.c.). 
Although maximum tolerated doses were tested in the teratology studies, the plasma levels obtained did not exaggerate maximum plasma levels that might 
‘with clinical use of intravenous acyclovir 
here have been no adeguate and well-controlied studies in pregnant women. Acyclovir should be used during oregnancy aniy if the potential benefit 
stities the potential risk to the fetus. 


uitsing Mothers: it is nat known whether this drug is excreted in human miik. Because many drugs are excreted in human milk, caution should be exercised 
when Zovirax is administered to a nursing woman. 


RDVERSE REACTIONS: The most frequent adverse reactions reported during controlled clinical frais of Zovirax in 64 patients were inflammation or phlebitis at 
nection site following isfitration of the LV fluid in 9 (14.09%), transient elevations of serum creatinine in 3 (4.7%), and rash or hives in 3 (4.7%). Less 
ent adverse reactions were diaphoresis, hematuria, hypotension, headache and nausea, each of which occurred m } patient (1.6%). Of the 63 patients 
ing placebo, 3 {4.8%} experienced inflammation/phlebitis and 3 (4.8%) expenenced rash or chiag, Hematuria and nausea were experienced by placebo 
cipients at the same frequency. 

Among 51 immunocompromised patients, one. a hone marrow transplant recipient with pneumonitis, developed seizures, cerebral edema, coma and expired 
th changes consistent with cerebral anoxia on postmortem biopsy; another immunocompromised patient exhibited coarse tremor and clonus. 

ditional adverse reactions were reported in uncontrolled trials. The most frequent adverse reaction was elevated serum creatinine. This occurred in 9.8 
reent of patients, usually following rapid (less than 10 minutes) intravenous infusion. Less frequen! adverse experiences were thrombocytosis and jitters. 
chin 0.4% of patients. 

yprosimately 1% of patients receiving intravenous acyclovir have manifested encephalopathic changes charactenzed by either lethargy, obtundation, 
mots, contusion, hallucinations, agitation, seizures or coma (see PRECAUTIONS). 


RBOSAGE: No acute massive overdosage of the intravenous form has been reported. 

Doses administered to humans have been as high as 1200 mg/M?2 (28 mg/kg) three times daily tot up to two weeas. Peak plasma concentrations have 
ached 80 agimi Precipitation of tree acyclovir in renal tubules may occur when the solubility in the intratubular Hur is exceeded (see PRECAUTIONS). 
yclovit is dtalyzabie. in the event of acute renal failure and anuria, the patient may benefit fram hemodialysis unti rena! function is restored (see DOSAGE 
ADMINISTRATION). 

if AND ADMINISTRATION: CAUTION — RAPID OR BOLUS INTRAVENOUS AND INTRAMUSCULAR OR SUBCUTANEOUS INJECTION MUST BE AVOIDED. 

ge: MUCOSAL AND CUTANEQUS HERPES SIMPLEX (HSY-1 and HSV-2) INFECTIONS IN IMUNOCOMPROMISEO PATIENTS —-5 mg/kg infused at a constant 
over | hour every 8 hours (15 mg/kg/day) for 7 days in adult patients with normal renal function. in children under 12 years of age. more accurate dosing 
be attained by infusing 250 mg/M? at a constant rate over 1 hour, every 8 hours (750 mg/M2iday} for 7 days. 


yi RE INITIAL CLINICAL EPISODES OF HERPES GENITALIS —- The same dose given above — administered for 5 days. 
apy should be initiated as early as possible following onset of signs and symptoms. 


ENTS WITH ACUTE OR CHRONIC RENAL IMPAIRMENT: Refer to DOSAGE AND ADMINISTRATION section for recommended doses, and adjust the dosing 
erval as indicated in the table below. 






































Creatinine Clearance Dose Dosing interval 
iml/mita/] 7 3M2) (mp/kg} {hours} 






>50 5 
25-50 5 12 
10-25 5 24 
0-19 2.5 24 





Hemodialysis: For patients who require dialysis, the mean plasma half-life of acyclovir during hemodialysis is approximately § hours. Thid results in a 50% 
ase in plasma concentrations following a 6 hour dialysis period. Therefore, the patient’s dasing schedule should be adjusted so that a dose is 
mistered after each dialysis. 

erences: 1. C.D. Mitchell, ef af, Lancet (8235). 1389-1392. Jun. 27, 1981. 2.1.0. Wade. ef a/, Ann. Intern, Med. 9613): 265-285, Mar 1982. 3. J.D. Meyers, 
al, Am. J, Med, 73(1A): 229-235, Jul. 20, 1982. 4. Data on file, Burroughs Wellcome Co. 5. A. Mindel, ef al., Lancet H8274). 697-700, Mar 27, 1982.6. ZM. 
etal, Cancer Res. 33: 1452-1663, 1973. 
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ZOVIRAX® cacycroviny Ointment 5% 


INDICATIONS AND USAGE: Zovirax (Acyclovir) Ointment 5% is indicated in the 
management of initial herpes genitalis and in limited nontife-threatening cu- 
taneous Herpes simplex virus infections in immunocompromised patients. in 
clinical trials of initial herpes genitalis, Zovirax Ointment 5% has shown a 
decrease in healing time and in some cases a dectease in duration of viral 
shedding and duration of pain. in studies in immunocompromised patients 
with mamiy herpes labialis, there was a decrease in duration ot viral shedding 
and a slight decrease in duration of pain. 

By contrast. in studies of recurrent herpes genitalis and of herpes labialis in 
nonimmunocompromised patients, there was no evidence of clinical benefit: 
there was some decrease in duration of viral shedding. 


Diagnosis: Whereas cutaneous lesions associated with Herpes simplex infec- 
tions are often characteristic, the finding of multinucleated giant cells in 
smears prepared from lesion exudate or scrapings may assist in the diagnosis.) 
Positive cultures for Herpes simplex virus offer a reliable means for contirma- 
tion of the diagnosis. In genital herpes. appropriate examinations should be 
performed to rule out other sexually transmitted diseases. 


CONTRAINDICATIONS: Zovirax Ointment 5% is contraindicated for patients who 
ie a of chemical intolerance to the components of the 
ormulation, 


WARNINGS: Zovirax Ointment 5% is intended for cutaneous use anly and should 
not be used in the eye. 


PRECAUTIONS: 

General: The recommended dosage. frequency of applications, and length of 
treatment should not be exceeded (see DOSAGE AND ADMINISTRATION). There 
exist no data which demonstrate that the use of Zovirax Ointment 5% will 
either prevent transmission of infection to other persons or prevent recurrent 
infections when applied in the absence of signs and symptoms. Zovirax Oint- 
ment 5% should not be used for the prevention of recurrent HSY infections. 
Although clinically significant viral resistance associated with the use of 
Zovirax Ointment 5% has not been observed, this possibility exists. 


Brug Interactions: Clinical experience has identified no interactions resulting 
from topical or systemic administration of other drugs concomitantly with 
Zovirax Ointment 5%. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Acyciavir was tested in 
lifetime bioassays in rats and mice at single daily doses of 50, 150 and 
450 mg/kg/day given by gavage. These studies showed no statistically signifi- 
cant difference in the incidence of benign and malignant tumors produced in 
drug-treated as compared to control animals. nor did acyclovir induce the 
occurrence of tumors earlier in drug-treated animals as compared to controls. 
in 2 in vitro cell transformation assays, used to provide preliminary assessment 
of potential oncogenicity in advance of these more definitive lifetime bioassays 
in rodents, conflicting results were obtained. Acyclovir was positive at the 
highest dose used in one system and the resulting morphologically transformed 
cells formed tumors when inoculated into immunosuppressed, syngeneic, 
weanling mice. Acyclovir was negative in another transformation system. 

No chromosome damage was observed at maximum tolerated parenteral 
doses of 100 mg/kg acyclovir in rats or Chinese hamsters; higher doses of 500 
and 1000 mg/kg were clastogenic in Chinese hamsters. in addition, no activity 
was found in a dominant lethal study in mice. in 9 of 11 microbial and 
mammalian cell assays, no evidence of mutagenicity was observed. in 2 
mammalian cell assays (human lymphocytes and L51/8Y mouse lymphoma 
cells im vitro}, positive response for mutagenicity and chromosomal damage 
occurred, but only at concentrations at least 1000 times the plasma levels 
achieved in man following topical application. 

Acyclovir does not impair fertility or reproduction in mice at orat doses up to 
450 mg/kg/day or in rats at subcutaneous doses up to 25 mag’kg‘day. in rabbits 
given a high dose of acyclovir (50 mg/kg/day, s.c.), there was a statistically 
significant decrease in implantation efficiency. 


Pregnancy: feratogenic Effects. Pregnancy Category È. Acyclovir has been 
known to cause a statistically significant decrease in implantation efficiency in 
rabbits, when given at subcutaneous doses providing mean plasma levels of 
drug 2.2 times those expected from use in patients with normal renal function. 

Reproduction studies were negative for impairment of fertility or harm to the 
fetus in mice given oral doses. and in rats given subcutaneous doses providing 
mean plasma levels of drug 84 times and 4 times {respectively} greater than 
those expected from use in patients with normal renal function. 

Acyclovir was not teratogenic after subcutaneous administration of up to 
50 mg/kg/day during the period of organogenesis in rats and rabbits, doses up 
to 450 mg/kg given daily by gavage to mice were not teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women. Acyclovir 
should be used during pregnancy only if the potential benelit justifies the 
potential risk to the fetus. 


Nursing Mothers: it 1s not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised 
when Zovirax is administered to a nursing woman. 


ADVERSE REACTIONS: Because ulcerated genital lesions are characteristically 
tender and sensitive to any contact or manipulation, patients may experience 
discomfort upon application of ointment. In the controlled clinical tnais, mild 
pain (including transient burning and stinging) was reported by 103 (28.3%) of 
364 patients treated with acyclovir and by 115 (31.1%) of 370 patients treated 
with placebo: treatment was discontinued in 2 of these patients. Other local 
reactions among acyciovir-treated patients included pruritus in 15 (4.1%), rash 
in 1 {0.3%} and vulvitis in 1 (0.3%) Among the placebo-treated patients, 
pruritus was reported by 17 {4.6%} and rash by 1 (0.3%). 

in all studies, there was no significant difference between the drug and 
placebo group in the rate or type of reported adverse reactions nor were there 
any differences in abnormal clinical laboratory findings. 
DOSAGE AND ADMINISTRATION: Apply sufficient quantity to adequately cover all 
lesions every 3 hours 6 times per day for 7? days. The dose size per application 
will vary depending upon the total lesion area but should approximate a one- 
half inch nbbon of ointment per 4 square inches of surface area. A finger cot or 
rubber glove should be used when applying Zovirax to prevent autoinoculation 
of other body sites and transmission of infection to other persons. Therapy 
should be initiated as early as possible following onset of signs and 
symptoms, 
HOW SUPPLIED: Zovirax Cintment 5% is supplied in 15 g tubes (NDC 0081- 
0993-94}. Each gram contains 50 mg acyclovir in a polyethylene glycoi base. 
Store at 15°-25°C (59°-77°F) in a dry place. 
REFERENCE: 1. Naib ZM et al. Cancer Res 37: 1452-1463, 1973. 
U.S, Patent No. 4199574 
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in pelvic infections... 
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Artist's concept of the uterus 
and adnexa as viewed through 
-a diagnostic laparoscope. 
Pathology includes pelvic 
cellulitis and pelvic 
inflammatory disease. 


*including endometritis, pelvic 
i cellulitis, and pelvic 
inflammatory disease caused 
by indicated organisms 





you ve proved it to yoursel 


after 6 years t : 


MEFOXIN is contraindicated in 
patients who have shown 
hypersensitivity to cefoxitin and the 
cephalosporin group of antibiotics. 
Before therapy with MEFOXIN is 
instituted, careful inquiry should be 
made to determine whether the 
patient has had previous 
hypersensitivity reactions to 


cefoxitin, cephalosporins, penicillins, 


or other drugs. This product should 
be given with caution to penicillin- 
sensitive patients. 


(Cofoxitin’ Sodhi MSC 


- proven highly effective 


Over 65 clinical studies document the effectiveness of MEFOXIN i 
the treatment of gynecological infections, including endometritis, 
pelvic cellulitis, and pelvic inflammatory disease. 


. proven stability 


MEFOXIN has become the reference standard for stability against 
beta-lactamases which destroy other antibiotics. 


. proven utility 


Current survey data show that obstetricians/gynecologists rely on 
MEFOXIN for the hospital treatment of pelvic infections more often 
than any other single injectable antibiotic. 


Over 6 years of use in hospitals confirms MEFOXIN has a safety 
profile comparable to cephalothin. The most common adverse 
reactions have been local reactions following intravenous or 
intramuscular injection. 


For a Brief Summary 
of Prescribing Information, 
please see following page. 
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_ Indications and Usage: Treatment—-Serious infections caused by susceptible 
strains of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung ab- 
SCESS, Caused by Streptococcus pneumoniae {formerly Dipiococcus pneumoniae’, 
‘other patti ear ae pee gerne es 3i- | l 
reus (DENICHINaSe ang non-peniciiinase producing), Escherichia coli, Klebsieila 

species, Hemophilus influenzae, and Bacteroides species, I n tr oduces 
GENITOURINARY INFECTIONS. armany tract infections caused by £. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (i.¢.. P morganii, P rettgeri, and P 


gonormhoeae (peiclinase and non-penelifase prodecng ne Se A Dedicated Needle Designed 
Specifically For Amniocentesis. 


INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal ab- 
scess, caused by E. coli, Klebsiella species, Bacteroides species including the 8. 
fragilis group.§ and Clostridium species. 
» GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by £. coli, N. gonorrhoeae (penicillinase and nor- 
penicilinase producing), Bacteroides species including the 8. fragilis group,§ 
Clostridium species, Peptococcus species, Peptostreplococcus species. and group 
B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae amet D. pneumoniae), Staph. au- 
reus (penicilinase and non-penicillinase producing), £. coli, Klebsiella species, and 4 side openings minimize 
Bacteroides species including the 8. fragilis gow; amniotic debris blockage 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- = 
penicillinase producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase 
and non-penicillinase producing), Staph. epidermidis, streptococci (excluding en- 
- ferecocci, eg., Strep. ae . Col, F mirabilis, Klebsiella species, Bacteroides 
Species including the 8. fragilis group,§ Clostridium species, Peplococcus species, 
-and Peptostreptococcus species. 
_ Although appropriate culture and susceptibility studies should be es ther- 
-apy may be started while awaiting these results. Cefoxitin is not active in vitro 
_ against most strains of Pseudomonas aeruginosa and enterococci (@.g., Strep 
faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphyio- 


Precision ground cutting 
stylette. 


cocci are almost uniformly resistant to cefoxitin. Closely tapered transition > 
_. Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin from cannula to stylette 
J jarain S. BEFORE THERAPY IS INSTITUTED, C QUIRY $ PEO 
arnings: bi THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE Available Separately 
MADE TQ DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOX- r 
ITIN, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION 3 part 22 ga. needle Cat. #4574-43-3522 
TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED or 
AEA icy phlei In a 2tiered kit with 
OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS full prep and procedure trays Cat. #7004-60-0000 
paid eam: ay OTHER epee Ai Universal Medical Instrument Corn 
seudomembranous colitis, from mild to life-threatening in severity, Ca 
has been reported with virtually all antibiotics (including Universa edi nstrument orp. 
cephalosporins); therefore, it is important to consider its diagnosis Box 100, Ballston Spa. New York 12020 (518) 587-5095 or (800) 833-6237 





when diarrhea develops in association with antibiotic use. Broad-spec- 
trum antibiotics alter normal flora of colon and may permit overgrowth of clostridia: 
a toxin produced by Clostridium difficile is a primary cause of antibiotic-associated 
colitis. Mild cases may repon to drug discontinuance alone, in more severe 
cases, Management may include sigmoidoscopy, appropriate bacteriological stud- 
ies, fluid, electrolyte and protein supplementation, and use of a drug such as oral 
vancomycin, isolation of the patient may be advisable. Other causes of colitis 
shouid also be considered. ee 
Precautions: Total daily dose should be reduced in patients with reduced urinary 
outpul due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
Overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condi- 
tion is essential. If superinfechon occurs, take appropriate measures. Increased 
nephrotoxicity has been reporied following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

interference with Laboratory Tests~—-High concentrations (> 100 meg/mi) may in- 
terfere with measurement of serum and urine creatinine levels by the Jaffe reaction 
and produce false increases of modest degree in creatinine levels reported; serum 
samples should not be analyzed for creatinine if withdrawn within 2 hours of cefox- 
itin administration. High concentrations may interfere with measurement of urinary 
17-hydroxy-corticosteroids by the Porter-Silber reaction and produce false in- 
creases of modest degree in levels reported. A false-positive reaction for glucose in 
urine has been observed with CLINITEST® reagent tablets. 

Pregnancy—-in women of childbearing potential, weigh anticipated benefit against 
possibie risks. 

Nursing Mothers—Cefoxitin is excreted in human miik in low concentrations. 
infants and Children——Satety and efficacy in infants from birth to three months 
have not yet been established. In children three months and older, higher doses 
have been associated with increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reac- 
tions monna intravenous or intramuscular injection. Other adverse reactions have 
been encountered infrequently. Loca’ Reactions—-Thrombophiebitis with intra- 
venous administration; pain, induration, and tenderness afler intramuscular injec- 
tions. Allergic Reactions-—Rash (including exfoliative dermatitis), pruritus, eosino- 
philia, fever, and other allergic reactions. Gastrointestinal/—_Symptoms ol 
pseudomembranous colitis during or after treatment and, rarely, nausea and vomit- 
ing. Blood—~ Transient eosinophilia, leukopenia, neutropenia, hemolytic anemia, 


This Publication 
is available in Microform. 


and thrombocytopenia; a positive direct Coombs test may develop in some individ- ne $ > M s 

uals, especially those with azotemia. Liver Function—- Transient elevations in SGOT, University Microfilms International 
SGPT, serum LDH, and serum alkaline phosphatase. Rena! Function-—Elevations in 

serum creatinine and/or blood urea nitrogen levels and, rarely, acute renat failure. Please send additional information 

Nate: in group A beta-hemolytic streptococcal infections, therapy should be main- 

tained for at least 10 days to guard against the risk of rheumatic fever or for nnn 
idee das gle In slap epee! and other infections involving a collection of vee Eos! PAEAN 
pus, surgical drainage should be carried out where indicated. Intramuscular injec- BTA rrr ten 
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(norethindrone) tablets 0.35 mg are currently supplied in their original packaging. 


Serious as well as minor side effects have been reported following the use of all 
‘S| SYNTEX | oral contraceptives. These include thromboembolic disease. Please see brief 
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norethindrone 0.5 mg with ethiny! estradiol 0.035 mg and each 
green tabiet contains norethindrone 10 mg with ethiny! 

estradiol 0.035 m 

TRI - NORINYL” 28-Day Tablets (each biue tablet contains 
norethindrone 0.5 mg with ethinyl estradiol 0.035 mg, each 

green tablet contains norethindrone 10 mg with ethiny/ 

estradiol 0.035 mig, and orange tablets are inert) 

BREVICON® 21-Day Tablets (norethindrone 0.5 mg with 

ethinyl estradiol 0.035 mg.) 

BREVICON* 28-Day Tablets (21 norethindrone 0.5 mg with 

ethiny! estradiol 0.035 mg. tablets followed by 7 inert tablets) 
NORINYL* 1 + 35 21-Day Tablets (norethindrone 1 mg. with 

ethiny! estradiol 0.035 mg.) 

NORINYL” 1 + 35 28-Day Tablets (21 norethindrone 1 mg. 

with ethiny! estradiol 0.035 mg. tablets followed by 7 

inert tablets} 

NORINYL* 1 + 50 21-Day Tablets (norethindrone 1 mg. with 
mestranol 0.05 mg.} 

NORINYL* 1+ 50 28-Day Tablets (21 norethindrone 1 mg. 
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indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBO- 
EMBOLISM, Because studies have shown 2 positive association between OC 
estrogen dose and risk of thromboembolism, it is prudent to minimize estro- 
gen exposure. Prescribe an OC with the least amount of estrogen compatibie 
with an acceptable preanany rate and patient acceptance. Start new users on 
OCs containing 0.05 mg or iess of estrogen. 

Contraindications: 1. Known or suspected pregnancy {see Warning #5). 2. 
Thrombophlebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophiebitis or thromboembolic disorders. 4. Undiagnosed abnormal gen- 
ital bleeding. 5. OCs should not be used by women who have or have had any ot 
the foHowing: a. cerebral vascular or coronary artery disease, inciuding 
myocardial infarction. b. known or suspected carcinoma of the breast. c. 
known or suspected estrogen dependent neoplasia. d. benign or malignant 
liver tumor that developed during use of OCs or other estrogen containing prod- 
ucts. 


WARNINGS: Cigarette smoking increases the risk of serious cardiovascular 
side effects from OC use. This risk increases with age and with heavy | 
poser: edn eC PATOS DW A07) raid. ES peer l 
yh years of age. en who use OCs shouid he strongly aóvised | 

o smoka. | 


The use of OCs is associated with increased risk of several serious con- | 
ditions including thromboembolism, stroke, myocardial infarction, liver 
tumor, gall bladder disease, visual disturbances, fetal abnormalities, and 
hypertension. Practitioners prescribing OCs should be familiar with the 
following information relating to these risks. i 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk 
of thromboembolic and thrombotic disease associated with OC use is estab- 
lished. One study demonstrated an increased relative risk for tatal venous 
thromboembolism and severat studies demonstrated it for non-fatal venous 
thromboembolism. They estimate that OC users are 4-11 times more likely than 
nonusers to develop these diseases without evident cause. One British study 
reported an excess death rate of 40% in OC users, most of which resulted from 
cardiovascular disease. Another British study showed a lower death rate in OC 
users than controls: an increase in cardiovascular deaths was seen but f 
statistically significant. A U.S. prospective study failed to disciose.4 
mortality rates from cardiovascular disorders. but a subset af 
retro ive, case-control study showed significan 
thromboembolism. CEREBROVASCULAR DISOR 
demonstrated an increased relative risk for 
studies. in an American study of cerebreg 
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significant association between OC 
gested an association in 1974, but thë 
mate the risk. Subarachnoid hemorrha 
use in British and American studies. Sig 
accidents; smoking and pill use appear H 3 
MYOCARDIAL INFARCTION (Mi}. increa } k of MI associated with 
OC use has been reported. One British studytiund that the greater the number 
of underlying risk factors tor coronary artery disease (cigarette smoking, 
hypertension, hypercholesterolemia, oy, diabetes, history of preectamptic 
toxemia) the higher the risk of developing MI, regardless of OC use. OCs were 
an additional risk factor. in terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
Mi) are twice as likely to have a fatal Mi as nonsmoking nonusers. OC users 
who are smokers have a 5-fold increased risk of fatal infarction compared to 
nonsmoking users, and a 10-12-fold increased risk compared to nonsmoking 
nonusers. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must 
be considered. (Estimates are based on British vital statistics which show acute 
Mi death rates 2-3 times less than in the U.S. so U.S. death rates could be 
higher.) Importance of other predisposing conditions in determining relative and 
absolute risks has not been quantified: other synergistic actions may exist. 
RISK OF DOSE. Using data from several national adverse reaction reporting sys- 
tems, British investigators concluded that risk of thromboembolism, inciud- 
ing coronary thrombosis. is directly related to estrogen dose in OCs. OCs with 
0.1 mg or more of estrogen were associated with a higher risk of thromboembo- 
lism than those containing 0.05-0.08 mg but quantity of estrogen may not 
be the sole factor. This was supported by a U.S. study. A British study found a 
positive association between dase of progestogen or estrogen and certain 
thromboembolic conditions. Swedish authorities noted decreased reporting 
of thromboembolic episodes when higher estrogen preparations were no 
tonger prescribed. Careful epidemiological studies to determine degree of 
thromboembolic disease risk associated with progestogen-only OCs have not 
been done. Thromboembolic disease has been reported in women using these 
products and they should not be considered tree of excess risk. PERSISTENCE OF 

ISK. Two studies have suggested an increased risk may persist for 6 years after 
discontinuation of OC use for cerebrovascular disease and 9 years for Mi, another 
study suggested persistence of risk for subarachnoid hemorrhage. ESTIMATE 
OF EXCESS MORTALITY FROM CIRCULATORY DISEASES. A large British 
prospective study estimated mortality rate per 100,000 women per year from 
Circulatory system diseases for OC users and nonusers according to age. smok- 
ing habits, and duration ot use. The overall annual excess death rate for OC 
users was estimated to be 20/100.000 {ages 15-34—5/100,000; ages 
35-44—33:100,000; ages 45-49—140/100. p Risk is concentrated in long- 
term users and in smokers, and may persist after OC discontinuation. Although 
the study showed a 10-fold increase in death due to circulatory diseases in 
users for 5 of more years, all occurred in women 35 or older. An update pro- 
vided the following rates: ages 15-34-~1/6700 for nonsmokers and 1/2000 
for smokers: ages 45 and over—1/2500 for nonsmokers and 1/500 for 
smokers. Risk appeared to increase with parity. but not with duration of use. 
Until more women under 35 with continuous use for 5 or more years are avail- 
able, it is not possible to assess relative risk for this age group. Data trom a 
variety of sources have been analyzed to estimate risk of death associated 
with various methods of contraception. Estimates include combined risk of the 
contraceptive method (e.g.. thromboembolic and thrombotic disease for OCs) 
plus risk attributable to pregnancy ‘or abortion if the method fails (which 
varies with the effectiveness of the contraceptive method}. Data are shown 
in Table t below. The study concluded that mortality associated with ali contra- 
ceptive methods is below that of childbirth. except for OCs in women over 40 
who smoke. (Rates given for pill onty/smokers for each age are for smokers 
as a class. For “heavy” smokers (more than 15 cigarettes a day}, rates would 
be about double: for “light” smokers (less than 15). about halt} The lowest 





mortality is with the condom or diaphragm backed up by early abortion. 
The study aiso concluded that OC users who smoke, especially over 30. have 
greater mortality risk than OC users who de not smoke. 


Table 1. Risk of thromboembolic and thrombotic disease associated with OCs 
increases with age after 30 and, for Mi, is further increased ty hypertension. 
hyperlipidemias, obesity. diabetes. or history of preeciamptr: toxemia, and 
especially by smoking. The following chart gives a gross estumate of risk of 
death from circulatory disorders associated with OC use. 


SMOKING HABITS ANO OTHER PREDISPOSING 
CONDITIONS RISK ASSOCIATED WITH USE OF GCs 





Age Below 36 30-39 40+ 
Heavy smokers C B A 
Light smokers B £ 8 
Nonsmokers 
{no predisposing conditions) D cD C 
' Nonsmokers 
(other predispasing conditions} ¢ cB B.A 





A—Use associated with very high risk. 
B— Use associated with high risk. 
C— Use associated with moderate risk. 
D-—Use associatad with iow risk. 


Physician and patient should be alert to earliest manifestations ot thromboem- 
bolic and thrombotic disorders (¢.g.. Inrombophlebitis, puimotary embolism, 
cerebrovascular insufficiency, cone occlusion, retinal thrombosis, and 
mesenteric thrombosis). Should any of these occur or be suspected, discon- 
tinue OC immediately. A 4-6 foid increased risk of post-surgery tiremboembotic 
complications has been reported in OC users. if feasible, discontinue OCs at 
least 4 weeks before surgery associated with increased tisk of thromboem- 
bolism or prolonged immobilization. Betore resuming OC after major surgery 
of bedrest, balance risks of post-surgery thromboembolic complications with 
contraceptive needs. Data suggest varicose veins substantially nerease risk of 
superficial venous thrombosis of the leg. the risk eet on severity of the 
varicosities. 2. Ocular Lesions: Neuro-ocular lesions such at optic neuritis 
of retinal thrombosis have been associated with OC use. Discontinue OC if 
there is unexplained. sudden or gradual, partial or complete toss ot vision: 
onset of proptosis or diplopia; papilledema: or retinal vascular lesions, and 
institute appropriate diagnostic and therapeutic measures. 3. Carcinoma: 
Long-term continuous administration of natural or syathelic estrogen in cer- 
tain animals increases certain tumors, benign or malignant. such as breast. 
cervix, vagina. uterus, ovary. pituitary and liver. Certain synthetic progestagens. 
none currently in OCs. increase the incidence of mammary nodules, benign 
and malignant, in dogs. Several retrospective case-control studies reported an 
increased relative risk'(3.1-13.9 times) associating endometrial carcinoma with 
prolonged use of estrogens in postmenopausal women. One publication te- 
ported the first 30 cases submitted to a registry of cases of adenocarcinoma 
of the endometrium in women under 40 on OCs. Of the adsnocarcinomas 
found in women without predisposing risk factors for adenoca‘cinoma of the 
endometrium (e.¢.. irregular bleeding when OCs were first given, pomi 
ovaries}, nearly all occurred in women who had used sequential OCs, which 
are no tonger marketed. No statistical association has been reported sug- 
gesting an increased risk of endometriai cancer in users af corventional com 
bination or ed i lo OCs, sisi individual cases have been reported 
Studies have shown no increased risk of breast cancer to OC or estrogenais 
One study found no overail increased risk of breast cancer in O 
greater risk was suggested for OC users with documented wef 
ease and for long-term (2-4 years} users. Another 
breast cancer among grandmothers or aunts 
among breast carcer patients who had use 
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yag cancers. A pro- 
d an increase in severity 
pared with nonusers. This 
bars of use, Nonraversal of dys- 
: se was suggested to p-edict progres- 
e. One study disciosed an increased risk of cancer 
noma in situ) in OC users under 43, particularly 
Cs aver 4 years. There have been other reports of 
dular Ayperpiasia of the cervix in OC users. One study reported an 
Hon between OC use and endocervical adenocarcinoma. in summary, 
eve is no confirmed evidence trom human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of ali OC users is, nevertheless. 
essential. In all cases of undiagnosised persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out maligrancy. Monitor 
OC users with a strong family history of breast cancer or wh) have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 
4. Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture 
and hemorrhage of a liver tumor. There have been reports associating benign 
or malignant liver tumors with short-term and long-term OC use. One study 
reported use of OC's with high hormonal potency and age over 3) may further 
increase risk of heoatoceliuiar adenoma. Two studies relate risk with duration 
of use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatacelluiar adenoma of 3-4/100,000. 
Although an uncommon fesion, it should be considered in women presenting 
with an “acute abdomen.” The tumor may cause serious or fatal hemorrhage. 
Patients with liver tumors have demonstrated variable clinical features which 
may make preoperative diagnosis difficult. Some cases presented because of 
right upper quadrant masses. while most had signs and symptoms of acute 
intraperitoneal hemorrhage. Routine radiological and laboratory studies may 
not be heiptul. Liver scans may show a focal defect. Hepatic arteriography may 
be useful in diagnosing primary liver neoplasm. 5. Use in or immediately Pre- 
ceding Pregnancy, Birth Defects in Offspring, and Malignancy m Female Of- 
spriag: Use of female sex hormones—estragenic and progestatienal agents — 
uring early pregnancy may seriously damage the offspring. Females exposed 
in utero to diethyistilbestrol. a nonsteroidal estrogen. have an increased risk of 
developing in tater life a form of vaginal or cervical cancer that is ordinaril 
extramely tare. This risk has heen estimated to be of the order of 1/100: 
exposures or less. Although there is no evidence that OCs further enhance the 
risk of developing this type of malignancy. such OC users sheuld be moni- 
tored with particular care. A high percentage of women exposed to diethyl- 
stilbestrot (30-90%) have epithelial changes of the vagina and cervix. Although 
these changes are histologically benign, it is not known whetner hey are a pre- 
cursor of vaginal malignancy. Male children so exposed may develop wo- 
genital tract abnormalities. Although similar data are not available on other 
estrogens, it cannot be presumed that they wouid not induce similar changes. 
increased risk of congenital anomalies, including heart and limb defects. has 
been reported following use of sex hormones. inciuding OCs, in pregnancy. 
One case-control study estimated a 4.7-fold increased relative fisk of imt- 
reduction defects on infants exposed in utero to sex hormones (OCs, hor- 
monai withdrawal tests for pregnancy or attempted treatment for threatened 
abortion}. Some exposures involved only a tew days of treatment. Data sug- 
gest tisk of fimb-reduction detects in exposed fetuses is somewhat less than 
11000 five births. in a large prospective study, cardiovascular defects in 
children born to women who received femate hormones. including OCs, during 
early pregnancy occurred at 18.2/1000 births. compared to 7.84000 for 
children not so exposed in utero. These results are statistically significant, 
A Welsh study found a statistically significant excess of neural tube defects 
among oltspring ot prior OC users (within 3 months} than among controls. 
The incidence of twin births may be increased for women who conmcerve shortly 
after discontinuing OC use. In the past, female sex hormones wera used during 
pregnancy in an attempt to treat threatened or habitual abort on. There is 
evidence that estrogens are ineffective. and there is no evidence from well 
controlled studies that progestogens are effective for these uses. There is 
some evidence that triploidy and possibly other types of palyploidy are 
increased among abortuses from women who become pregnaat soon after 
ceasing OCs. Embryos with these anomalies are virtuaily always aborted 
spontaneously. Whether there is an overall increase in spontaneous abortion 
of pregnancies conceived soon after stopping OCs is unknown. If the patient 
has not adhered to the prescribed schedule, consider possible pregnancy 
at the first missed period (or 45 days from the last menstrual period if pro- 
gestogen-only OCs are used) and discontinue OC use until pregnancy has 
beer: ruled out. For any patient who has missed two consecutive periods. rule 


out pregnancy before continuing the OC. If pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant should use 
an alternate form of contraception for a period of time before attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased Fre- 
quency of neural tube defects in women impregnated during the first 3 months 
after cessation of OC use. Do not use progestogen-only or progestogen- 
estrogen combinations ta induce withdrawal bleeding as a pregnancy test. 
6. Gali Bladder Disease: Studies report increased risk of gal! bladder disease 
in OG or estrogen users. in one study, an increased risk appeared after 2 years 
of use and doubted after 4-5 years. In another study, an increased risk was ap- 
parent between 6 and 12 months. 7. Carbohydrate and Lipid Metabolic Effects: 
Because a decrease in glucose tolerance has been observed in a significant 
percentage of patients on OCs, prediabetic and diabetic OC users should be 
carefully observed. An increase in triglycerides and total phospholipids has 
been observed in OC users but its clinical significance is unknown. 8. Efevated 
Biood Pressure: An increase in blood pressure has been reported with OC 
use, Hypertension may occur within a few months of beginning OCs. in the 
first year of use, incidence of hypertension may be no higher in bc users than 
in nonusers. Incidence in users increases with exposure and in the fifth year 
of use is 2.5-3 fimes that in the first year. Age is strongly correlated with 
hypertension in OC users. Women with a history of elevated blood pressure 
{hypertension}, preexisting renal disease, history of toxemia or slevated blood 
pressure during pregnancy. familial tendency to hypertension or its conse- 
quences, or history of excessive weight gain or fluid retention during the men- 
strual cycle may be more likely to develop elevated blood pressure when 
given OCs and should be monitored closely. Even though elevated bload 
pressure nay remain within the “normal” range, closely watch elevations. 
particularly for women with ether risk factors for cardiovascular disease 
of stroke. High blood pressure mey or may not persist after OC discontinu- 
ation. 9. Headache: Discontinue OG and evaluate the cause of onset or exac- 
erbation of migraine or development of a new pattern of headache which 
is recurrent, persistent, or severe. 10. Bleeding irregularities: Breakthrough 
aces. spotting, and missed menses often make users discontinue OCs. 
in breakthrough bleeding. as in all cases of irregular bleeding from the vagina. 
consider nonfunctional causes. fn undiagnosed persistent or recurrent abnor- 
mai bleeding from the vagina, use adequate diagnostic measures to rule Out 
pregnancy or malignancy. If pathology has been excluded, time or another 
formulation may solve the problem. While potentially useful in minimizing 
menstrual irregularity. change to an OC with a higher estrogen content only 
it necessary since this may increase risk of thromboembolic disease. Women 
with a history of oligomenorrhea or secondary amenorrhea or young women 
without reguiar cycles may tend to remain anovulatory of to become ameno- 
rheic after OC discontinuation. Women with these preexisting problems should 
be advised of this and encouraged to use other contraceptive methods. Post- 
use anovulation, possibly prolonged, may occur in women without previous 
reguiarities. A higher incidence of galactorrhea and of pituitary tumors 
{e.g.. adenomas) has been associated with amenorrhea in former users com- 
pared with nonusers. One stud a 16-fold increased incidence of 
pituitary prolactin-secreting dng, patients with posto! amenor- 
thea when gatactorrh ertiiity: There is evidence of impart- 
i wing OCs in comparison with other 
appears to be independent of duration cf use. 
with time, there is an appreciable difference in 
omen for OC and other groups 30 months after dis- 
AR control. For parous women the difference is not apparent 
after cessation of contraception. 12. Ectopic Pregnancy. Ectopic 
s intrauterine pregnancy may occur in OC failures. In progestogen- 
Only OC failures, the ratio of ectopic to intrauterine pregnancies is higher than in 
nonusers. since the drugs are more effective in preventing intrauterine than 
ectopic pregnancies. 13. Breast Feeding: OCs in the postpartum period ma 
nterfere with lactation by decreasing quantity and quality of breast miik. 

smalt traction of OC hormonal agents has been identified in milk of mothers 
receiving OCs. Effects. if any, on the breast-fed child have not been deter- 
mined. If feasible, defer OC use until the infant has been weaned. Precautions 













































" GENERAL 1. Take a complete medical and family history before starting OCs 


Pretreatment and periodic physical exams should inctude special reference to 
blood pressure. breasts. abdomen and pelvic iy ies mciuding Papanicolaou 
smear and relevant lab tests. As a general rule. OCs should not be prescribed 
for longer than } year without another physical. 2. Under the influence of 
estrogen-progestogen preparations. preexisting uterine leomyamata may 
enlarge. 3. Observe patients with a history of psychic depression and discon- 
tinue OCs if depression tecurs to a serious degree. Patients TONE signit- 
icantly depressed while taking OCs should stop the OC and use an alternate 
method of contraception to determine whether the symptom is drug related. 
4. OCs may cause some fluid retention. Prescribe with caution. and only with 
caretul monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders. migraine syndrome, asthma 
or cardiac. hepatic or renal insufficiency. 5. Patients with a past history of jaun- 
dice during pregnancy have an mereased risk of recurrence while using OCs. 
Discontinue OC if jaundice develops. 6. Steroid hormones may be poorly 
metabolized in patients with impaired liver function and should be admin- 
stared with caution in such patients. 7. OC users may have disturbances in 
normal tryptophan metabolism that may result in a relative pyridoxine deti- 
ciency. The clinical significance is unknown. 8. Serum folate levels may be 
depressed by OC use. Since the pregnant woman is predisposed to folate 
deficiency and incidence of folate deficiency increases with increasing gesta- 
tion, if a woman becomes pregnant shortly after stopping OCs, she may have 
a greater chance of developing folate deficiency and related complications. 
3. Advise the pathologist of OC use when relevant specimens are submitted. 
10. Certain endocrine and liver function tests and blood components may be 
affected by estrogen-containing OCs. For example: a. Increased suifobromo- 
phthalein retention. b. increased prothombin and factors VII VHE, IX and X, 
decreased antithrombin 3, increased norepinephrine-induced platelet aggrega- 
bility. c. Increased thyroid binding globulin (7BG) leading to increased circu- 
lating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 
by column, or T4 by radioimmunoassay Free T3 resin uptake is decreased, 
reflecting the elevated TBG. free T4 concentration is unaltered. d. Decreased 
pregnandiol excretion. e. Reduced response to metyrapone test. f. Increased 
phospholipids and trigtycerides. g. Temporarily decreased glucose tolerance. 
11. Contact iens wearers who develop visual changes or changes in iens toler- 
ance should be assessed by an ophthalmologist and temporary or permanent 
cessation of wear considered, DRUG INTERACTIONS. OCs may be less effective 
and there may be increased breakthrough bieeding because of interactions with 
rifampin, isoniazid, ampicillin, tetracycline, neomycin, penicillin V, chloram- 
phenicol, sulfonamides, nitroturantomn, barbiturates. phenytoin, primidone. 
anaigesics, tranquilizers, anti migraine preparations, and antihistamines. OCs 
may alter effectiveness of such other drugs as oral anticoagulants, anticonvul- 
sanis, tricyclic anti depressants, antihypertensive agents (e.9.. guanethidine), 
vitamins, hypoglycemic agents. tranquilizers, hypnotic preparations. and 
theophylline. CARCINOGENESIS See Warnings. PREGNANCY Pregnancy tate- 
gory X. See Contraindications and Warnings. NURSING MOTHERS See Con- 
traindications and Warnings. Adverse Reactions An increased risk of the 
following serious adverse reactions has been associated with OC use (see 
Warnings): thrombophlebitis, thrombosis, pulmonary embolism, coronary 
thrombosis, cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral 
hemorrhage, hypertension, gall bladder disease. congenital anomalies, neuro- 
ocular lesions, @.g., retinal thrombosis and optic neuritis. Raynaud's disease. 
arterial thromboembolism. The toliowing adverse reactions have been reported 
in OC users and are believed to be drug related: bleeding irregularities (break- 
through bleeding, spotting, missed menses during treatment, amenorrhea 
after treatment), gastrointestinal symptoms, (nausea, vomiting, bloating, 
abdominal cramps), dysmenorrhea, infertility after discontinuance of treat- 
ment, edema, chioasma or melasma which may persist after drug is discontin- 
ued, breast changes (tenderness, enlargement, and secretion}, intolerance to 
contact lenses, change in corneal curvature (steepening}. change in weight 
increase or decrease}, change in cervical erosion and cervical secretion. possi- 
ble diminution in jactation when given immediately postpartum, cholestatic 
jaundice. migraine. increase in size of uterine leomyomata, rash (allergic), 
mental depression, reduced tolerance to carbohydrates. vaginal candidiasis, 
profactin-secreting pituitary tumors, chilblains. The following adverse reactions 
have been reported in OC users and the association has been neither confirmed 
nor refuted: premenstrual-iike syndrome, cataracts, changes in libido, chorea, 
changes in appetite, cystitis-like syndrome, headache, nervousness, dizziness, 
hirsutism, loss of hair, erythema multiforme. erythema nodosum, hermerrha- 
gic eruption, vaginitis, porpyhria, impaired renal function. malignant nephro- 
sclerosis (hemolytic uremic syndrome). Intormation for the Patient (See Patient 
Package insert). = 
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development of physical and psychological symptoms that are frequent sequelae of this surgical procedure. 
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The precipitate decline in plasma estrogen levels fol- 
lowing bilateral oophorectomy in premenopausal 
women has been well documented." ? Less frequently 
acknowledged is the significant decrease in plasma tes- 
tosterone levels subsequent to removal of both ovaries 
in this same population.’ The observation that testos- 
terone levels in ovarian vein blood are greater in early 
postmenopausal women than in reproductive-aged 
women‘ implies that patients who need to undergo bi- 
lateral oophorectomy are subsequently deprived of an 
important source of androgen production. Despite 
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these known endocrine changes and the significant in- 
cidence of symptoms following total abdominal hyster- 
ectomy and bilateral salpingo-oophorectomy,’ little ev- 
idence is available with regard to the functional role of 
androgen in the woman. 

In order to evaluate possible aeren effects of 
estrogen and androgen on symptoms in surgically 
menopausal women, a prospective, double-blind, cross- 
over study was undertaken. The objectives of this in- 
vestigation were twofold: (1) to independently assess 
the clinical response of somatic and psychological symp- 
toms to exogenous estrogen and androgen adminis- 
tered singly as well as in combination and (2) to address 
the theoretical issues regarding physical and behavioral 
effects of the sex steroids in women. 


Material and methods 

Subjects. The participants in this study were pre- 
menopausal women who required a total abdominal 
hysterectomy and bilateral salpingo-oophorectomy for 
reasons other than malignant disease. They were re- 
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Fig. 1. Experimental design. 


quired to be in a stable heterosexual relationship for 
at least 2 years and to have had no past history of 
- psychological disturbances for which treatment had 
been obtained. A further requirement was that they be 
in a state of good general health with no known con- 
traindications to hormone replacement therapy. In- 
formed, signed consent was obtained from 43 women 
who met these criteria by means of a form approved 
by both a hospital and a university ethics committee. 
Ten women who needed to undergo total abdominal 
hysterectomy but in whom the ovaries were to be re- 
tained were recruited to serve as an additional control 
group. Between September, 1980, and February, 1983, 
each patient who was scheduled for total abdominal 
hysterectomy and bilateral salpingo-oophorectomy 
from the practice of the chief of the department of 
obstetrics and gynecology of a large university teaching 
hospital was referred to the study. Subjects were told 


that they would be participating in “an investigation of- 


estrogen and androgen on physical and psychological 
functioning.” They were further informed that there 
was a one-in-four chance that they would receive a 
preparation “with no active hormone” and that their 


medication might be changed during the course of the. 


study. However, subjects had no way of knowing when 
that would occur or, indeed, if it would ever occur. 
Procedure. The study was a five (groups)—by—four 
(time periods) repeated measures design. Before op- 
eration, patients. were randomly assigned to either a 
combined estrogen-androgen group, an estrogen-alone 
group, an androgen-alone group, or a placebo group. 
The control hysterectomy group described previously 
constituted the fifth group. Thus there were two con- 
trol groups in the design—one to control for the effects 
of an altered endocrine status consequent to bilateral 
salpingo-oophorectomy (placebo group) and the sec- 
ond to control for changes that may have been due to 


the surgical procedure itself (control hysterectomy 


group). 


Following 1 month of baseline monitoring, patients 
underwent operation. Intramuscular injection of a hor- 
monal preparation or placebo was administered 
monthly for the first 3 months (treatment 1). At the 
beginning of the fourth postoperative month, all pa- 
tients received an injection of placebo. Women were 
then randomly crossed over to one of the four treat- 
ments they had not experienced during treatment | 
for an additional 3 months (treatment 2). Therefore, 
the entire experimental procedure encompassed a total 
of 8. months per patient. Fig. 1 contains a diagramatic 
representation of the experimental design. 

Drug dosages. In order to ensure that patients in the 
hormone treatment groups would receive equal 
amounts of estrogen and androgen per dose, the mo-' 
lecular weights of the salts to which each of the estrogen 
and androgen preparations was bound were calculated. 
This sum was then subtracted from the weight of the 
total compound. With 1 ml of the combined estrogen- 
androgen drug used as the standard, equivalent doses 


-of the sex steroids containéd in the other preparations 


were computed. Accordingly, it was determined that 
0.63 ml of the estrogen-alone drug and 0.48 ml of the 
androgen-alone drug contained amounts of estradiol 
and testosterone that were equivalent to amounts of 
these hormones in 1 ml of the combined preparation. 
While it is recognized that different esters have differ- 
ent durations of action, there did not appear to be any 
way to equate these except to calculate free estradiol. 
Moreover, it has been shown that other sex steroid de- 


_ pot preparations induce maximal plasma hormone lev- 


els 1 to 4 days following injection and that the half-life 
is 14 days. The estrogen-androgen combined drug 
(Climacteron), 1} ml, contains testosterone enanthate 
benzilic acid hydrozone, 150.0 mg; estradiol dienan- 
thate, 7.5 mg; and estradiol benzoate, 1.0 mg. The es- 
trogen drug (Delestrogen), 1 ml, contains estradiol val- 
erate, 10.0 mg. The androgen drug (Delatestryl), 1 ml, 
contains testosterone enanthate, 200.0 mg. The placebo 
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consisted of sesame oil, 0.5 ml. After operation, drugs 
were given intramuscularly at 28-day intervals. 
Plasma hormone levels. Venous blood samples for 
measurement of plasma levels of total estrogens (estra- 
diol and estrone) and testosterone were obtained be- 
tween 9 and 11 Am at four different times during the 
study. The first sample was taken approximately | 
month before operation; the second and fourth, 72 
hours following the third injection in both treatment 
phases; and the third, on the last day of the placebo 
month that fell in between. The blood was immediately 
centrifuged and the plasma stored at — 20° C. Total 
plasma estrogens were measured by radioimmunoassay 
with the use of Endocrine Sciences antiserum No. E- 
17-94. The extraction of protein before the addition of 


antiserum ensured that free hormone was being as- _ 


sayed. The assay was sensitive to the level of 12.5 pg/ 
mi. Plasma testosterone levels were measured with the 
Covalent-Coat Radioimmunoassay Kit. The Testoster- 
one (125 I) Assay detects the total unconjugated form 
of this steroid. All samples from each patient were mea- 
sured twice in the same assay at the conclusion of the 
study. The control hysterectomy group underwent the 
identical experimental procedure except for the ad- 
ministration of monthly injections. 

Material 

Daily menopausal rating scale. Somatic and psycholog- 
ical symptoms were monitored daily by means of the 
daily menopausal rating scale. This instrument, devised 
and tested in a previous study,’ was found to be a re- 
liable and sensitive index of drug effects. Each symp- 
tom or behavior appears on an interval rating scale that 


has a range of 0 to 7. The poles of each scale have a - 


verbal description of the symptom or behavior in ques- 
tion. Measures of energy level, well-being, appetite, and 
sleep quality reported here were monitored and quan- 
tified by means of the scale. Patients were given 30 
questionnaires and 30 stamped, self-addressed enve- 
lopes at the beginning of each month and were in- 
structed to fill in and mail a questionnaire daily. The 
8-month duration of the study, therefore, yielded data 


on 240 days per patient and 12,729 patient days in all. . 


Menopausal index. The menopausal index, revised by 
Neugarten and Kraines,° was originally published by 
Blatt et al.° It lists 26 symptoms most often reported 
by clinicians and by women themselves as being typical 
or frequent complaints at menopause. Symptoms are 
categorized into three constellations—somatic (nine 
symptoms), psychosomatic (five symptoms), and psy- 
chological (12 symptoms) as seen in Table I. Because 
the scoring system that assigns differential weights to 
the various symptoms is not empirically based,’ in this 
study, patients were required to rate the frequency and 
severity of each symptom on a bipolar rating scale that 
had a range of 0 to 7. The low end of the scale for each 
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Table I. Menopausal index 





A. Somatic symptoms 
Hot flushes 
Cold sweats 
Weight gain 
Rheumatic pains 
Cold hands and feet 
Breast pains 
Headaches l 
Numbness and tingling 
Skin crawls 
B. Psychosomatic symptoms 
Feelings of suffocation 
Blind spots before eyes 
Pounding of the heart 
Dizzy spells 
Pressure or tightness in head or body 
C. Psychological symptoms 
Tired feelings 
Irritable and nervous 
Feel blue and depressed 
Forgetfulness 
Trouble sleeping 
Inability to concentrate 
Crying spells 
Excitable 
Attacks of panic 
Loss of interest in most things 
Feeling tense or wound-up 
Worry needlessly 


symptom was described as “almost never” while the 
extreme end stated “very often.” Patients filled out the 
menopausal index at four points during the study im- 
mediately prior to venous blood collection. 

Statistical analyses. The hormonal and behavioral data 
were analyzed with the Computer Programs analysis 
of variance for groups X time blocks. For each item 
on the daily menopausal rating scale, the data analyzed 
were the mean of the preoperative baseline, the mean 
of the first 2 weeks of each treatment month, and the 
mean of the last 2 weeks of the intervening placebo 
month. In addition, analysis of covariance was'also car- . 


ried out in order to eliminate possible effects of initial 


group differences in baseline scores. Post hoc pairwise 
comparisons were performed with use of the Tukey 
test. Statistical significance reported here is based on 
results of the latter analyses. 


Results 


Subject characteristics. There were 12 patients in 
the combined estrogen-androgen group, 11 in the es- 
trogen-alone group, 10 in the androgen-alone group, 
10 in the placebo group, and 10 in the control hyster- 
ectomy group. Pathology reports confirmed that two 
patients had endometriosis; one was in the estrogen- 
alone group and the other in the placebo group. The 
rest of the sample (51 women) underwent operation 
for benign uterine fibroids. Five subjects who met the 
selection criteria and who were initially interviewed did 
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Table II. Mean plasma levels of total estrogen (estrone and estradiol) and testosterone at the four test times 


Estrogen- . Significant 
androgen Estrogen Androgen Placebo Control differences* 


Total estrogen (pg/ml), 
mean + SEM 


Preoperative baseline 67.2 + 10.4 49.4 + 12.3 
Treatment | 243.8 + 12.4 301.9 + 13.1 
Placebo phase T8 +23 14.2 £ 3.3 
Treatment 2 236.2 + 14.8 289.1 + 15.4 
Testosterone (ng/100 

ml), mean + SEM 

Preoperative baseline = 81.1 + 5.3 99.6 + 4.7 
Treatment | 133.1 + 12.4 89.4 + 3.6 
Placebo phase 83.2 + 4.9 65.3 4.3.8 
Treatment 2 129.2 + 11.6 48.4 = 2.6 


*Between-group post hoc Tukey tests. 


42.1 + 11.2 69.4 + 8.9 121.7 + 7.4 p< 0.01T 
107.8 + 8.4 11.2 + 3.9 90.8 + 9.4 p < 0.01; 
9.5 + 1.9 5.8 + 3.7 78.9 + 7.8 p < 0.017 
98.3 + 9.6 6.2 + 2.3 74.7 + 6.6 p < 0.014 
71.9 + 10.3 114.1 + 9.6 90.8 + 8.6 NS 
111.1 + 6.6 87.8 + 1.6 -99.8 + 3.6 p< 0.018 
67.9 + 2.5 66.2 + 1.7 89.4 + 4.7 p < 0.01|| 
115.3 + 6.2 44.7 + 3.2 88.8 + 4.6 p < 0.01§ 


*Control hysterectomy versus estrogen-androgen, estrogen alone, androgen alone, and placebo. 
Estrogen alone versus androgen alone, placebo, and contro] hysterectomy. 
§$Estrogen-androgen versus estrogen alone, placebo, and control hysterectomy. 

{Control hysterectomy versus estrogen alone, androgen alone, and placebo. 


not continue in the study. Two women decided to defer 
operation, one refused to comply with the experimental 
- procedure after only 1 week, and a fourth was elimi- 
nated after the first postoperative month because she 
withdrew her acceptance of the random assignment 
procedure. The fifth patient was found to have an‘un- 
suspected carcinoma of the ovary at the time of oper- 
ation and was thus eliminated from the study. All other 
subjects remained in the study through its entiretv and 
each provided a complete set of observations. 
Subject characteristics measured at baseline showed 
. that patients in the control hysterectomy group were 
significantly younger than those in the four treatment 
groups (36.3 + 2.2 versus 45.8 + 3.3 years). This was 
an expected finding in view of the fact that age is the 
major criterion that guides the decision to remove or 
retain normal-appearing ovaries at the time of total 
abdominal hysterectomy undertaken for benign con- 
ditions. Subjects in all five groups were homogeneous 
` with respect to occupational status and years of school. 
There was, however, a wide range in these variables 
within groups which increased the generalizability of 
the findings. All subjects had normal personality 
profiles” and satisfactory marital relationships." 
_ Total plasma estrogen and testosterone levels. Mean 
plasma levels of total estrogen (estrone and estradiol) 
and testosterone at the four test times appear in Table 
II. The interassay coefficient of variation of total es- 
trogen was 9%. At baseline the younger control hys- 
terectomy group had significantly higher total estrogen 
levels than the four treatment groups (p < 0.01), whose 
levels did not differ from each other. This was the only 
measure on which there was any significant difference 
between the five groups at baseline, which testifies to 
the success of the randomization procedure. At 72 


hours following injection in both treatment phases, all 
groups had higher total estrogen levels than the placebo 
group (p < 0.01). Moreover, total estrogen levels of the 
estrogen-alone group were significantly higher during 
treatment than those of the androgen-alone and the 
control hysterectomy groups (p < 0.01) but were not 
different from those of the estrogen-androgen group. 


‘At the end of the placebo month, the control hyster- 


ectomy group with intact ovaries had significantly 
higher total estrogen levels than the four groups of 
women whe had undergone oophorectomy. In these 
latter women the levels fell to the lower limit of assay 
detectability, which indicates that the estrogen admin- 
istered during treatment 1 had been completely me- | 
tabolized. In all cases, total estrogen levels of subjects 
who received the same drug did not differ when treat- 
ment | and treatment 2 values were compared. 

The interassay coefficient of variation of plasma 
testosterone levels was 10%. During both treatment 
phases, the estrogen-androgen group had significantly 
higher testosterone levels than the estrogen-alone, pla- 
cebo, and control hysterectomy groups (p < 0.01), but 
values did not differ significantly from those of the 
androgen-alone group. By 8 weeks after injection, tes- 
tosterone values in steroid-treated groups also fell to 
levels below those of the control hysterectomy group 
and levels of the androgen-alone, estrogen-alone, and 
placebo groups were significantly lower than both their 
own baseline values and control hysterectomy group 
values (p < 0.05). Once again, testosterone levels of 
subjects whe received the same drug did not differ 
when group means of the two treatment phases were 
compared. Moreover, between-group differences in 
both hormone levels at treatment 2 were the same as 
those found during treatment 1. 
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Fig. 2. Energy level for 24 hours. The treatment groups are: 
Estrogen-androgen group (E-A, A), estrogen-alone ‘group (E, 
©), androgen-alone group (A, 0), placebo group (PL, O), and 
control hysterectomy group (CON, ®@). 


Energy level and well-being. Hormonal effects on 


these two measures, thought to reflect how patients’ 


were feeling ir: general, were very similar. In each of 
the three treatment months of both phases, women in 
the estrogen-alone and placebo groups reported sig- 
nificantly lower ratings of energy level and well-being 
than did the contro] hysterectomy group, with intact 
ovaries, and those who received either of the androgen- 
containing preparations (p < 0.01). Moreover, in treat- 
ment months 1, 3, 5, 6, and 7, estrogen-alone and pla- 
cebo group sccres were lower than those of the other 
three groups (p < 0.01). When hormones were with- 
drawn during the placebo month, the control hyster- 
ectomy group with intact ovaries attained higher scores 
` on both measures than did all women who had under- 
gone oophorectomy (p < 0.01) coincident with the 
higher plasma hormone levels at that time. It can be 
seen in Figs. 2 znd 3 that there was a decrease in energy 
level and well-being from baseline to the first postop- 
erative month in four groups (p < 0.01); only the pa- 
tients who received androgen alone maintained energy 
level and well-being ratings in the immediate postop- 
erative period. Furthermore, by the end of the seventh 
postoperative month, energy level and well-being 
scores of the control hysterectomy group and both 
groups that received androgen (estrogen-androgen 
and androgen alone) exceeded the preoperative base- 
line scores (p < 0.01) whereas scores of the estrogen- 
alone and placebo groups did not differ ay 
from baseline values at that time. 

Appetite. Analysis of daily ratings of appetite quality 
shown in Fig. 4 found that in each of the treatment 
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Fig. 3. Well-being per 24 hours. The treatment groups are as 
in Fig. 2. 
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Fig. 4. Appetite quality. Treatment groups as in Fig. 2. 


months, scores of the estrogen-alone, placebo, and con- 
trol hysterectomy groups were significantly lower than 
those of the androgen-alone group (p< 0.01) and 
lower than those of the estrogen-androgen group as 
well in months 1, 2, and 7 (p < 0.01). The lower estro- 
gen-alone, placebo, and control hysterectomy group 
appetite ratings occurred in association with their lower 
testosterone levels in both treatment phases. During the 


placebo month, scores of the androgen-alone group 


decreased significantly compared to the treatment val- 
ues (p < 0.01). By the third month in both treatment 
phases, appetite ratings were higher than preoperative 
baseline scores in only the estrogen-androgen and the 
androgen-alone groups (p < 0.01). 


158. Sherwin and Gelfand ` 


i 





= oe 5 Ph 
WV 
fad 
rod 
© 18 
T- 
5 14 
z 
E 
& o 
s 
pe 
aq 
5 6 
. A 
D ZEA 
$ ; CON 
= 


BASELINE , TREATMENT | PLACEBO TREATMENT 2 


Fig. 5. Mean somatic symptom scores. Treatment groups as 





in Fig. 2. ; 
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' Fig. 6. Mean psychological symptom scores. Treatment groups 
as in Fig. 2. l l 


Sleep quality. Analysis of daily ratings of sleep qual- 


ity showed that there were no significant differences in 
any of the groups throughout the course of the inves- 
tigation. | ' 
Menopausal index 
Somatic symptoms. Lower scores on subtests of the 
menopausal index indicate a lower frequency and se- 


verity of symptoms..Fig. 5 shows that during both treat- ` 


ment phases somatic symptom scores of the estrogen- 
androgen, androgen-alone, and control hysterectomy 
groups were lower than those of the estrogen-alone and 
the placebo groups (p < 0.01), whereas during the pla- 
cebo month all women who had undergone oophorec- 
_ tomy reported higher scores than the control hyster- 
ectomy group (p < 0.01). Furthermore, within-group 
analyses showed that all steroid-treated groups expe- 
rienced a significant increase in scores during the pla- 
.cebo month compared to the treatment phase scores. 
However, scores of patients in the placebo group in- 
creased significantly and consistently after operation 
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Fig. 7, Mean total scores. Treatment groups as in Fig. 2. 


compared. to the preoperative baseline values (p < 


. 0.01) whereas those of the control hysterectomy group 


remained stable at low levels throughout the course of 
the study. 

Psychosomatic symptoms. There were no significant 
changes in psychosomatic symptom scores in any of the 
groups across time. > ` 

Psycholcgical symptoms. As seen in Fig. 6, psycholog- 
ical symptom scores of the estrogen-alone and pla- 
cebo groups were significantly higher than those of 
the estrogen-androgen, androgen-alone, and control 
hysterectomy groups during both treatment phases 


(p < 0.01). Moreover, during the intervening placebo 


month, scores of the control hysterectomy group were 
lower than those reported by the estrogen-androgen 
group (p < 0.05) and by the estrogen-alone and pla- 
cebo groups (p< 0.01). Analysis of within-group 
changes across time found that baseline psychological 
symptom scores were lower than treatment phase. 


_ scores in the estrogen-alone and placebo groups 


(p < 0.01) whereas both androgen groups and the con- 
trol hysterectomy group attained lower scores during 
the treatment phases compared to the baseline values 
(p < 0.0L}. i 

Total scores. Composite scores of all items on the 
menopausal index appear in Fig. 7. The estrogen-an- 
drogen, androgen-alone, and control hysterectomy 
groups attained lower total scores during both treat- 
ment phases than the estrogen-alone and placebo 
groups (p< 0.01). However, during the placebo 
month, total scores of the control hysterectomy group 
were lower than those of all women who had undergone | 
bilateral salpingo-oophorectomy (p < 0.01). Further- 
more, in contrast to the lower scores attained by the 
estrogen-androgen and androgen-alone groups during 
treatment compared to the baseline and placebo phase ~ 
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scores (p < 0.01), the estrogen-alone and placebo 
groups reported higher total scores on this measure at 
all postoperative testing times compared to the pre- 
operative values (p < 0.01). 


4 


Comment 


Results of this study unequivocally demonstrated dif- 
ferential responses of physical and psychological symp- 
toms to estrogen and/or androgen administration in 
surgically menopausal women. In view of the fact that 
patients in this investigation were generally healthy and 
functioning well preoperatively, these data also provide 
interesting information with regard to the incidence of 
symptoms in treated and untreated surgically meno- 
pausal patients. 

The postoperative decrease in both total estrogen 


and testosterone levels in women who have undergone 


oophorectomy reflécted in the placebo phase hormone 
assays is consistent with data reported previously." The 
single exception was the absence of a statistically sig- 
nificant decline in the testosterone levels of the estro- 
gen-androgen group by the end of the placebo month. 
It may be that endogenous testosterone levels did not 
decrease in this group subsequent to operation. How- 


ever, an alternative hypothesis is that the half-life of 


the combined preparation is longer than the half-lives 
of the other drugs, and thus the dose administered had 
not been completely metabolized by the eighth week 
following the last injection. Studies on the pharmaco- 
dynamics of the combined preparation currently un- 
derway will provide a basis for resolving this issue. 
Coincident with the observed increases in circulating 
testosterone levels in the estrogen-androgen and an- 
drogen-alone groups during treatment was enhance- 
ment of energy level, well-being, and appetite reported 
by these patients, The androgenic effect on these be- 
haviors was likely a reflection of the anabolic” and en- 
ergizing properties” of this steroid. The observation 
that androgen alone had a more profound effect on 


energy level, well-being, and appetite relative to the, 


combined drug at several points during treatment can 
be explained by changes in sex hormone—binding glob- 
ulin concentrations, induced by the sex steroids. It is 


known that both estrogen and androgen bind to sex 


hormone-binding globulin in plasma and that only the 
free unbound portion has potential for biologic activ- 
ity.“ Because estrogen increases sex hormone~binding 
globulin levels and androgen reduces them,” it is pos- 
sible to infer that the administration of androgen alone 
in the presence of low levels of endogenous estrogen 
resulted in a higher percentage of circulating free tes- 
tosterone in the androgen-alone group compared to 
the estrogen-androgen group. The relative increase in 
free testosterone in the androgen-alone group may 
thus have accentuated the androgenic effects on be- 
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havior observed. This hypothesis merits testing by mea- 
surement of sex hormone-binding globulin subsequent 
to the administration of both of these drugs. 

That exogenous estrogen alone was not more effec- 
tive than placebo on energy level, well-being, and ap- 
petite was clearly demonstrated: Moreover, the finding 
that scores of the younger control hysterectomy group 


‘with intact ovaries were higher than their own baseline 


values by.the end of the seventh postoperative month 
suggests that preoperative scores may have been de- 
pressed in all groups because of psychological factors 
related to impending operation. If this were the case, 
the stability in estrogen-alone and placebo group scores 
following operation may be indicative of an actual post- 
operative deterioration in their functioning. Studies 
that have reported increased well-being in postmeno- 
pausal women as a function of estrogen administration 
have been single-blind’® or have used subjects under- - 
going a natural menopause” so ‘that endogenous tes- 
tosterone levels were likely to be unchanged. Other 
authors,'® ° however, have similarly failed to find a ` 
difference between effects of estrogen and placebo on 
well-being in the postmenopause. It is important to note 
that in this study increased energy level and well-being 
did not occur secondary to relief of somatic symptoms 
since it-was found that androgen alone and placebo 
were equally ineffective in alleviating hot flushes in 
these same women.” Moreover, no side effects of ex- 
ogenous. androgen were either observed or reported. 
Specifically, there were no signs of virilization in the 
two androgen groups during either of the 3-month 
treatment phases. 

The superior efficacy of the androgen-containing 
preparations on somatic, psychological, and total scores 
of thé menopausal index may also be related to the 
anabolic and energizing properties of this sex steroid. 
Furthermore, the présence of androgen receptors in 
the hypothalamus, pituitary, and limbic system” allows 
for the possibility that this hormoné may have been 
exerting its effects on behavior centrally. Additional 
evidence for a causal relation between thesé symptoms 
and circulating levels of sex steroids derivés first from 
the observation that, when hormones were withdrawn 
during the placebo month, scores of all oophorectom- 
ized subjects on the three subscales of the menopausal 
index increased compared to the treatment phase 
scores. Second, scores of the placebo group increased 
consistently and significantly during the postoperative 
course compared to preoperative values in association 
with a decrease in circulating total estrogen and tes- 
tosterone levels. In contrast, scores of the intact control 
hysterectomy group on the nienopausal index main- 
tained stability throughout the study concomitant with 
stability in sex steroid levels across time. 

The consistent clinical superiority of the androgen- 
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containing drugs in this study strongly implies that re- 
duced levels of circulating testosterone may indeed play 
a critical functional role in the development of a myriad 
of disturbances that often arise in premenopausal 
women subsequent to bilateral salpingo-oophorectomy. 
The clinical implication of these findings is that ad- 
_ ministration-of both sex steroids to this population may 
militate against symptoms that are a consequence of the 
sudden and drastically altered endocrine status induced 
after operation. These results need to be confirmed 
both by replication of this study and by investigation 
of the long-term effects of combined hormone replace- 
ment therapy in surgically menopausal women. 

These data serve as well to point out a methodologic 
issue In menopause research. It was noted that the ef- 
fect of estrogen on hot flushes, the cardinal menopausal 
symptom, was obscured when it was grouped together 
with other symptoms, as is the case in the menopausal 
index. This finding underlines the importance of in- 
vestigating menopausal symptoms independently until 
we derive an empirical basis for clustering them. 

In summary, results of this study showed that pre- 
menopausal women who received androgen alone or a 
combined estrogen-androgen drug following total ab- 
dominal hysterectomy and bilateral salpingo-oopho- 
rectomy reported fewer somatic and psychological 
symptoms than those who received estrogen alone or 
placebo. Furthermore, the androgen-containing prep- 
arations induced levels of functioning that were similar 
to those of younger women with intact ovaries. Bearing 
in mind that neither androgén alone nor placebo al- 
leviated hot flushes,” the necessity for administering 
estrogen as well seems clear. These data provide strong 
support for the conclusion that a combined estrogen- 
androgen regimen may serve to enhance the quality of 
life of women who have Sx penience’ a surgical 
menopause. 

Finally, it was observed in this study that menopausal 
symptoms are dissociable, under different hormonal 
control, and some, such as sleep quality and psycho- 
somatic symptoms, independent of circulating levels of 
the sex steroids. In order to further investigate the 
specificity of hormone-behavior relationships, future 
research in this area ought to focus on the response of 
individual symptoms to the administration of each of 
the sex steroids as well as to their combined effect. 
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Chorionic villi sampling: Clinical experience, immediate 


complications, and patient attitudes 


Tracy B. Perry, M.Sc., Michel J. J. Vekemans, Ph.D., M.D., Abby Lippman, Ph.D., 
Emily F. Hamilton, M.D., C.M., and Paul J. R. Fournier, M.D., C.M. 


Montreal, Quebec, Canada 


To develop chorionic villi sampling as a procedure for prenatal diagnosis, a pilot study was undertaken to 
perfect the obstetric and laboratory techniques, to evaluate our success with the procedure in continuing 
pregnancies, and to assess the attitudes of potential users of the procedure. Women about to have © 
elective first-trimester abortions for nongenetic reasons were enrolled in the first phase of the study. Of the 
patients with a positive pregnancy test, 12.4% were found to have a nonviable pregnancy on ultrasound 
examination. Samples adequate for cytogenetic analysis were obtained in 130 of the 155 remaining cases, 
and the success rate was 93% in the 100 most recent cases. Direct cytogenetic analysis was undertaken 
in those cases successfully sampled, and karyotypes could be prepared in 97%. Immediate complications 
occurred in 5% of the pregnancies. Eight women at risk of bearing a child with a genetic defect had ` 
diagnostic chorionic villi sampling. Cytogenetic analysis was performed successfully on all of them. One 
had’ an induced abortion following the procedure because of the fetal diagnosis (a male with a 50% risk of 
Duchenne’s muscular dystrophy). The other pregnancies are continuing uneventfully at 22 to 35 weeks’ 
gestation. Finally, from preliminary analysis of our survey of potential users it appears that women 35 
years old or over would prefer chorionic villi Sampling to amniocentesis if the risks of the sampling were 


known to be low. (AM J OpsteTt Gynecoi 1985;151:161-6.) 


Key words: Chorionic villi sampling, clinical experience, cytogenetics, prenatal diagnosis 


Prevention of genetic disease by prenatal diagnosis 
has become an increasingly important component of 
antenatal medicine.’ It is now well established that, in 
the absence of prenatal diagnosis, women with a known 
high risk of having a severely affected baby avoid preg- 
nancy.’ If pregnancy does occur, they seek abortion.’ 
On the other hand, since it has become possible to 
diagnose genetic disease in the fetus, the fertility rate 
among high-risk couples has increased and the induced 
abortion rate has decreased.” 

Until recently, couples who elected to undergo pre- 
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natal diagnosis have had to wait until 16 weeks’ ges- 
tation for amniocentesis and another 2 to 4 weeks for 
the results of biochemical and/or cytogenetic studies. 
The long waiting period can produce considerable pa- 
rental distress. Furthermore, second-trimester abortion | 
is associated with significantly higher risks of maternal 
morbidity and mortality than is a first-trimester pro- 
cedure.* Thus a number of investigators have at- 
tempted to develop a safe and reliable method of first- 
trimester prenatal diagnosis.**° The recent availability 
of high-resolution ultrasound, highly sophisticated 
technology for DNA analysis, and cytogenetic analysis 
of embryonic tissue have made chorionic villi sampling 
a timely development. 

Ward et al. have shown that under ultrasound guid- 
ance chorionic villi can be successfully aspirated from 
the developing trophoblast with a flexible catheter in- 
serted through the cervical canal (Fig. 1). This tissue 
has been shown to be suitable for cytogenetic, H" bio- 
chemical,'* '* and DNA analyses." 

Our investigation of chorionic villi sampling has had 
three primary objectives: to perfect the technique and 
assess our ability to obtain a sample and make a diag- 
nosis, to evaluate our success in applying the procedure 
in diagnostic cases, and to explore the attitudes of 
women who might be eligible for this procedure. In 
addition, we were interested in determining whether 
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Fig. 1. Diagrammatic illustration of the ultrasonically guided transcervical approach to chorionic 


villi sampling. 


maternal serum a-fetoprotein values increase following 
chorionic villi sampling, since such changes might in- 
terfere. with the interpretation of second-trimester val- 
- ues obtained to diagnose neural tube defects. 


Material and methods 

To perfect the technique of chorionic villi sampling, 
we asked women scheduled for elective termination of 
pregnancy at gestational ages ranging from 6% to 15 
weeks to agree to the procedure for research purposes. 
The study was approved by ethics committees at the 
hospitals involved. Chorionic villi sampling was per- 
formed transcervically under real-time ultrasonic guid- 
ance in cases with an ultrasonically proved viable fetus. 
The tip of a 1.5 mm in diameter by 21 cm long catheter 
with malleable stylet (Portex, Inc., Wilmington, Mas- 
sachusetts; Vas-Cath Ltd., Mississauga, Ontario) was in- 
serted into the placenta,,the stylet withdrawn, and villus 
material removed by. repeated aspiration. The catheter 
tip was continuously moved within the placenta in a 
short oscillating longitudinal direction for about 15 sec- 
onds during each aspiration to help dislodge tissue. The 
sample was washed into Hank’s solution containing 5 
units of heparin per milliliter of solution. Single frag- 
ments showing typical villous morphology were dis- 
sected from the sample with sterile technique. and 
washed twice in the Hank’s solution. They were then 
transferred into culture medium containing 10% fetal 
calf serum’ for transport to the Montreal Children’s 


Hospital for cytogenetic analysis. For each case a record 
was kept cf maternal and gestational ages, gravidity, 
parity, complications during this and other pregnan- 
cies, number of catheter insertions, estimated weight 
of tissue removed, presence of fetal heart beat before 
and after the procedure, and complications during the 
procedure. To be considered successful, chorionic villi 
sampling kad to provide 10 mg of tissue, since this was 
the amount required for the application of several cy- 
togenetic techniques required to determine the fetal 
karyotype. In 36 cases maternal blood was obtained 


immediately before and after, the procedure for a-fe- ` 


toprotein assay. . 
_ To assess the technique clinically in women with fe- 
tuses at risk for a genetic disorder, chorionic villi sam- 
pling was also performed on eight patients who in- 
tended to continue the pregnancy if it were found to 
be unaffected. We limited diagnostic chorionic villi sam- 
pling to women at high risk of having an affected baby 
or to those who expressed extreme anxiety about am- 
niocentesis because of past experience. Their ultrason- 
ically determined gestational ages ranged from 8% to 
11% weeks. Data identical to that recorded for the preg- 
nancy termination cases were obtained for each of these 
women. i 

Finally, to investigate women’s attitudes to chorionic 
villi sampling in the face of the currently unknown risks 
of the procedure, all women scheduled for amniocen- 
tesis between December 1, 1983, and March 31, 1984, 


Volume 151 
Number 2 


Number of Cases 


Pa 


VLLALLLL LALLA 
VU EES 


9 


VLE 





Chorionic villi sampling 163 





e+ 
E- 
N N 
X 
N 
N 3 | 37 E 
10 11 12 143 14 45 


Weeks Gestation 


Fig. 2. The number of cases at gestational ages 6 through 15 weeks in which chorionic villi sampling 
was successful (dotted bar) or unsuccessful (solid bar) or those in which there was a blighted ovum 


(striped bar). 


solely because they would be 235 years at the ume of 
delivery were surveyed by questionnaire about their 
preferences for chorionic villi sampling or amniocen- 
tesis. The questionnaire contained detailed descriptive 
material about chorionic villi sampling and amniocen- 
tesis (such as when in pregnancy each is performed, 
how each is done, the length of time between procedure 
and results, the risks—known and unknown—of spon- 
taneous abortion attributable to each procedure, and 
the method of induced abortion should the woman 
choose to terminate the pregnancy). A graph and a 
table were also included so that each woman could de- 
termine. her own age-specific risk of having a child with 
trisomy 21 (Down syndrome). The women were asked 
to read this material and then to rate the importance 
of the described differences between chorionic villi 
sampling and amniocentesis. They were also asked to 
indicate which of the two they preferred on the basis 
of each individual difference between procedures as 
well as when taking all the factors jointly into consid- 
eration. 


Results 


Studies in therapeutic abortion cases. Between June 
1, 1983, and April 30, 1984, 177 women with positive 
pregnancy tests, who were undergoing therapeutic 
abortion for nongenetic indications, consented to par- 
ticipate in the study. Ultrasonic examination immedi- 
ately prior to the procedure revealed either a blighted 
ovum or a nonviable fetus in 22 cases (12.4%). In the 
remaining 155 cases we obtained 210 mg of villi (as 


estimated by visual comparison of the sample with pho- 
tographs of weighed quantities) in 130, for an overall 
success rate of 84%. A =10 mg sample was obtained 
with only one aspiration in 45% of cases, after two 
aspirations in 25%, and after three in 30%. Among the 
most recent 100 cases in which sampling was attempted, 
the success rate has been 93%. In six cases an abruptio 
placentae occurred (3.8%), and in two cases the am- 
niotic sac was ruptured (1.3%). In the last 100 cases the 
incidence of abruptio placentae and sac rupture were 
5% and 0%, respectively. The number of successful 
samplings and the frequency with which nonviable fe- 
tuses were found according to gestational age are given 
in Fig. 2. ) 

Cytogenetic preparations adequate for karyotyping 
were. produced routinely from villous material within 
] day and more recently within 2 hours. Using these 
rapid techniques, we have been able to prepare a fetal 
karyotype in 88% of the 97 specimens submitted to the 
laboratory since the study started. By means of the same 
methods, a success rate of 97% has been achieved on 
the last 55 specimens submitted. These data are in close 
agreement with data published by others.” A detailed 


_ account of the cytogenetic methodology and results will 


be presented elsewhere. It should be noted, however, 
that banding quality following direct preparations is not 
as good as that obtainable routinely on cultured am- 
niotic fluid cells. Thus diagnosis of structural aberra- 
tions may be difficult with the direct technique. 
However, short-term culture techniques can yield rea- 
sonably good—quality banded karyotypes in 2 days, and 
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Fig. 3. Maternal serum a-fetoprotein (AFP) before and after 
chorionic villi sampling (CVS) in 36 pregnancy termination 
cases. 


we anticipate that in the near future those preparations 

will be as good as the ones obtained after long-term 

culture. | 
Continuing pregnancy. Eight women consented to 


diagnostic chorionic villi sampling. The indications for 


prenatal diagnosis in these cases were carrier status for 
Duchenne’s muscular dystrophy (1 case), previous child 


with trisomy 21 or 18 (2 cases), child at risk for sickle . 


cell anemia (1 case), and maternal age (4 cases}. A cy- 
togenetic analysis was performed successfully in all of 
them. The Duchenne carrier was found to have a male 
fetus, and the couple decided to abort the pregnancy 
_ because of its 50% risk. The other seven pregnancies 
are continuing uneventfully at gestational ages ranging 
from 22 to 35 weeks. A detailed ultrasound examina- 


tion and maternal serum a-fetoprotein analyses were 


performed for each continuing pregnancy at 16 to 17 
weeks’ gestation to rule out a neural tube defect. 
Attitudes to chorionic villi sampling. From a pre- 
liminary analysis of 134 completed questionnaires re- 
turned to the McGill Prenatal Diagnosis Programme, 
we found that, given current knowledge of the tech- 
niques, women scheduled for routine amniocentesis 
were almost equally divided in their preferences for 
chorionic villi sampling and amniocentesis: 46% versus 
47% respectively, with 7% indicating no preference. 
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However, if chorionic villi sampling were found to be 
only as risky as amniocentesis, 82% of the women said 
they would chose chorionic villi sampling, whereas if 
the risk of miscarriage. following chorionic villi sam- 
pling were to be 5% higher than that following amnio- 
centesis, 71% of the women chose amniocentesis. In 
both hypcthetical situations, 6% had no preference. 


Comment 


‘Chorionic villi sampling appears to offer a number 
of advantages to couples seeking prenatal diagnosis 
provided that it can be shown to be successful in sup- 
plying fetal material for analysis and that it is both safe 
and accurate. Our rate of success in obtaining villus 


material has risen steadily as we have gained experi- 


ence. On the one hand, we recognize that the pressure 
to minimize operating room time when sampling preg- 
nancy termination cases is an inducement to abandon 
the procedure if one has not obtained a sample after 
three attempts, thus decreasing the success rate. On the 
other hand, persistence may improve the rate of sam- 
pling success while placing the pregnancy in jeopardy 
in cases that are to continue if the fetus is unaffected. 
It may be preferable to postpone sampling for a week 
after three failed attempts. 

Although the numbers are small, the data in Fig. 2 
indicate that sampling is less likely to be successful early 
and late ir. the first trimester. Visualization of the thick- 
est area of chorion and the fetal heart were difficult in 
the sixth and seventh weeks, whereas reaching the pla- 
centa if it was located high in the uterus became in- 
creasingly difficult as the gestational age progressed 
beyond 12 weeks. This later problem is partially related 
to the length of catheters available, and the suppliers 
have introduced new models for such cases. In our most 
recent 150 cases, we have had no failures to obtain a 
sample at 12% to 12% weeks in 22 attempts. Therefore 
from the present data and Fig. 2, it appears that 9 to 
12 weeks is the ideal time to. perform chorionic villi 
sampling :o obtain a sample successfully. 

We have found that moving the catheter in a longi- 
tudinal back-and-forth motion during aspiration in- 
creases the number of villi obtained. So far, this tech- 
nique does not appear to be associated with amniotic 
sac rupture or the production of abruptio placentae. 
These complications tend to occur during insertion of 
the catheter and placement of the tip in the desired 
placental area. The significance of abruptio placentae 
at this stage of pregnancy is still unknown. It may pre- 
cipitate miscarriage or intrauterine growth retardation. 

Data from a number of centers performing chorionic 
villi sampling are being collected to obtain preliminary 
information about the overall loss rates following the 
procedure and their correlations with procedure-re- 
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lated trauma.* It is important to point out that the 
miscarriage rate following chorionic villi sampling can- 
not be compared per se with the miscarriage rate fol- 
lowing amniocentesis: the background spontaneous 
miscarriage rate is expected to be higher during early 
gestation when chorionic villi sampling is performed 
than at 16 weeks when amniocentesis is performed.” 
Rather, what is important is the increased miscarriage 
rate following chorionic villi sampling compared with 
the rate among fetuses ultrasonically proved viable at 
the tume when chorionic villi sampling would have been 
performed but not subjected to the sampling. To obtain 
this information, a clinical trial is essential before di- 
agnostic chorionic villi sampling is so widely available 
that it becomes ethically difficult to conduct a trial, such 
as has been the case with proposed trials of vitamin 
supplementation for neural tube defects.’"’? We have 
already begun a randomized clinical trial of chorionic 
villi sampling and plans for other trials are well under 
way in Canada and elsewhere. 

It is also important to determine the accuracy of the 
procedure. Although it 1s possible for maternal cell con- 
tamination to confound the cytogenetic results,” we 
have found that this problem is limited to results ob- 
tained from cultured cells (one of five males, 95% con- 
fidence limits = 0.5% to 71.6%) and does not occur in 
direct cytogenetic preparations (0 of 40 males, 95% 
confidence limits = 0% to 8.9%). This problem should 
be reduced further with improvement in technical pro- 
cedures and the use of chromosomal heteromorphisms 
as it has been for amniotic fluid cells. Another possible 
source of error involves cytogenetic discrepancy be- 
tween trophoblastic and fetal tissue.” Although the fre- 
quency of this observation around 10 weeks’ gestation 
has not been clearly established, preliminary data sug- 
gest that a karyotypic discrepancy between these two 
tissues is uncommon, since out of 147 pairs of tissues 
investigated, none were discordant, even in the pres- 
ence of mosaicism (95% confidence limits = 0% to 
2.4%).™ 

The data in Fig. 3 indicate that maternal serum a- 
fetoprotein rises in 33% (12/36) of cases following cho- 
rionic villi sampling. Neither the cause nor the signif- 
icance of this rise is clear to us. In our small series there 
was no relationship between serum a-fetoprotein in- 
crease and number of catheter insertions or amount of 
villous material aspirated. However, we are collecting 
data on serum a-fetoprotein before and after chorionic 
villi sampling in continuing pregnancies to determine 
whether a large increase is associated with subsequent 


*CVS Newsletter, care of Dr. Laird Jackson, Director, Di- 
vision of Medical Genetics, Jefferson Medical College, 1025 
Walnut St., Philadelphia, PA 19107. 
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miscarriage and is thus a predictor of this complication. 
We are also concerned that the half-life of a high-serum 
a-fetoprotein may be long enough to complicate de- 


tection of neural tube defects in the second trimester. 


Whereas most such defects should be detectable by a 
thorough ultrasound examination at 17 weeks’ gesta- 
tion, when there is no chorionic villi sampling, a raised 
serum a-fetoprotein would be an indication that am- 
niocentesis should be performed; however, a persis- 
tently high serum a-fetoprotein level would confound 
interpretation of results and might contribute to a neu- 
ral tube defect being missed. 

In assessing the usefulness of a new medical proce- 
dure, it is important to know whether it is acceptable 
to the members of the population in which it will be 
applied. We have begun, therefore, to measure wom- 
en’s attitudes toward chorionic villi sampling as a 
method of prenatal diagnosis. Preliminary analysis of 
questionnaire responses suggests that women over 35 
years base their preference for chorionic villi sampling 
or for amniocentesis primarily on two factors: the ges- 
tational age at which the procedure is carried out and 
the risk that the procedure may cause a spontaneous 
abortion. If, following randomized clinical trials, cho- 
rionic villi sampling were to be shown to be only as risky 
as amniocentesis, our preliminary data suggest there 
would be a substantial preference for it. Yet, itis equally 
interesting that if the additional risk attributable to cho- 
rionic villi sampling were but 5% higher than that as- 
sociated with amniocentesis, it might no longer be the 
method of choice for the vast majority. These findings 
suggest that knowledge of the risks of chorionic villi 
sampling, and determination whether these are <5% 
over background, will be important in estimating ulti- 
mate acceptability of the procedure for women over 35 
years seeking prenatal diagnosis. 

In conclusion, we anticipate that if chorionic villi sam- 
pling is eventually shown to be safe, accurate, reliable, 
and cost effective, it may offer an attractive alternative 
to amniocentesis, especially for women who would not 
consider a second-trimester abortion. The extension of 
prenatal diagnosis to additional numbers of women at 
risk for having a child with a genetic disorder will be 
a welcome advance. 


We are indebted to Drs. J. Belair and B. Norman for 
assistance in collecting samples, to Ms. L. Bastien for 
expert nursing assistance, to Ms. L. Cartier, prenatal 
diagnosis coordinator, and to Ms. D. Delneste, S. Choy, 
E. Levesque, and A. O’Donnell for excellent technical 
assistance. 


REFERENCES 


l. Childs B, Miller S, Bearn A. Gene mutation as a cause of 
human disease. In: Sutton H, Harris M, eds. Mutagenic 


Perry et al. 


effects of environmental contaminants. New York: Aca- 
_. demic Press, 1972. 

2. Modell B, Ward RHT, Fairweather DVI. Effect of intro- 
ducing antenatal diagnosis on reproductive behaviour of 
families at risk for thalassemia major. Br Med J] 1980; 
1:1347. 

3. Hook EB, Willey AM. Abortions because of unavailability 
of prenatal diagnosis. Lancet 1981;2:936. 


_ 4. Cates W Jr, Grimes DA, Smith JC, Tyler CW. Legal abor- | 


tion mortality in the United States: Epidemiologic sur- 
veillance, 1972-1974. JAMA 1977;237:452. 

5. Mohr J. Foetal genetic diagnosis: development of tech- 
niques for early sampling of foetal cells. Acta Pathol Mi- 
crobiol Scand 1968;73:73. 

6. Department of Obstetrics and Gynecology, An Shan: Fetal 
sex prediction by sex chromatin of chorionic villi cells 
during early pregnancy. Chin Med } 1975;1:117. 

` 7, Rhine SA, Palmer CG, Thompson JF. A simple alternative 
to amniocentesis for first trimester prenatal diagnosis. 
Birth Defects 1977;13(3D):231. 

8. Goldberg MF, Chen ATL, Ahn YW, Reidy JA. First- 
trimester fetal chromosomal diagnosis using endocervical 
lavage: a negative evaluation. AM J OBSTET GYNECOL 
1980; 138:436. 

= 9. Kazy Z, Rozovsky IS, Bakharev VA. Chorion biopsy in 

early pregnancy: a method of early prenatal diagnosis for 
inherited disorders. Prenat Diagn 1982;2:39. 

10. Ward RHT, Modell B, Petrou M, Karagozlu F, Douratsos 
E. Method of sampling chorionic villi in first trimester of 
pregnancy under guidance of real time ultrasound. Br 
Med J 1983;286:1542. 

11. Simoni G, Brambati B, Danesino G, Rossella F, Terzoli 

GL, Ferrari M, Fraccaro M. Efficient direct chromosome 

analyses and enzyme determinations from chorionic villt 


January 15, 1985 
Am J Obstet Gynecol 


samples in the first trimester of pregnancy. Hum Genet 
1983 ;62:349. 

12. Grebner E, Wapner RJ, Barr MA, Jackson LG. Prenatal 
Tay-Sacas diagnosis by chorionic villi sampling. Lancet 
1983;2:286. 

13. Pergament E, Ginsberg N, Verlinsky Y, Cadkin A, Chu 
L, Trnka L. Prenatal Tay-Sachs diagnosis by chorionic 
villi sampling. Lancet 1983;2:286. 

14. Elles RG, Williamson R, Niazi M, Coleman DV, Horwell 
D. Absence of maternal contamination of chorionic villi 
used for fetal-gene analysis. N Eng} ] Med 1983;308: 
1433. — 

15. Simoni G, Brambati B, Danesino C, Terzoli GL, Romitti 
L, Rossella F, Fraccaro M. Diagnostic application of first- 
trimester trophoblast sampling in 100 pregnancies. Hum 
Genet 1984;66:252. 

16. Lippman A. Consequences of chorionic biopsy. N Engl J 
Med 1934;310:1121. 

17. Vitamins to prevent neural tube defects [Editorial]. AR 
1982; 2:1255. 

18. Lipsett MB, Fletcher JC. Do vitamins prevent neural tube 
defects (and can we find out ethically)? Hastings Cent Rep 
1983; 13(4):5. 

19. Fraser FC, Lippman A. Preventing neural tube defects: 
ethics of clinical trials. Can Med Assoc J 1984;130:1113. 

20. Ridler MAC, Grewal MS. Possible source of error in pre- 
natal diagnosis via chorionic villus biopsy. Lancet 1984; 
1:1081. 

21. Kalousek DK, Dill FJ. Chromosomal mosaicism confined 
to the placenta in human conceptions. Science 1983; 
221:665. 


22. Watanabe M, Ito T, Yamamoto M, Watanabe GI. Origin ` 


of mitotic cells of the chorionic villi in direct chromosome 
analysis. Hum Genet 1978;44:191. 





Screening for sexual problems through a simple questionnaire 


Leo Plouffe, Jr., M.D., C.M. 
Montreal, Quebec, Canada 


Screening for sexual problerns should be part of the medical assessment, but there is controversy on the 
best method to use. This study compared the yield of a simple questionnaire with that of a more detailed 
interview. Ninety-eight sexually active women (out of a total of 110) admitted on an elective basis to 
general gynecology wards were studied. Forty-six patients presented with a sexual complaint and 33 (33%) 
of these requested medical attention for the problem. In all cases, the simple questionnaire was as 
effective as the detailed inquiry in detecting a sexual problem. It is concluded that a simple questionnaire 
_can be used effectively by all physicians as a screening test for sexual dysfunction with regard to 
‘heterosexual coital activity. Further research is required to confirm this hypothesis in other conditions of 


medical practice. (Am J Oastet GYNEcoL 1985;151:166-8.) 
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Health professionals are becoming increasingly 
aware of the importance of sexual health to individuals 
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and couples. While most sources agree on the need to 
incorporate questions on sexual functioning as part of 
the medical assessment,’ there is still considerable de- 
bate on the appropriate format to do so. This study 
compares the yield of a very simple questionnaire easily 
incorporated into a routine history with that of a more 
thorough sexual inquiry as a method of screening for 
sexual dysfunctions in women. Our review of the lit- 
erature indicates that this is the first such study in which 
this format was used. 


i 
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Method 


Ninety-eight sexually active women (out of a total of 
110) admitted on an elective basis to general gynecology 
wards were studied. The study took place in two uni- 
versity hospitals located in a cosmopolitan urban center. 
The demographic characteristics of the population 
studied are presented in Table I. 

The simple questionnaire consisted of three (3) ques- 
tions: (1) Are you sexually active? (2) Are there any 
problems? (3) Do you have any pain with intercourse? 

The more detailed interview included the above 
three questions and specific inquiry about: (1) difficulty 
with lubrication, (2) pain at penetration, (3) deep dys- 
pareunia, (4) difficulties in achieving orgasm, (5) de- 
gree of satisfaction with sexual activity, (6) number of 
partners, and (7) any other concern. 

Patients were not randomly allocated to either group 
of the study. Allocation was based on unrelated factors, 
such as patient flow and proposed surgical procedure. 

Group 1. This group consisted of 53 patients, 50 of 
whom were sexually active. During the admission med- 
ical history and physical examination, I administered 
both questionnaires in sequence. The interview was 
conducted in private with ample time available for dis- 
cussion of problems. o 

Group 2. This group comprised 57 patients, 48 of 
whom were sexually active. During the admission his- 
tory and physical examination, patients were admin- 
istered the first questionnaire only by either a senior 
medical student or an intern. Neither students nor in- 
terns had received any particular training in sexual 
history taking. The interview was conducted as per the 
usual ward routine, in four-bed rooms or in the ex- 
amination room. I then saw the patients and admin- 
istered the second questionnaire during a thorough 
review of the patient’s presenting symptoms and gy- 
necologic status. This interview was conducted in pri- 
vate with ample time available for discussion of 
problems. 

Appropriate referral was offered to all patients 
who requested medical attention for their sexual 
problem. | ) 


Results . 


Group 1. Of the 50 sexually active patients, 26 com- 
plained of some form of sexual problem and 18 of these 
actually requested medical attention for the problem. 
The diagnostic categories and frequency of occurrence 
are presented in Table II. | 

The simple questionnaire detected all cases in which 
a sexual complaint was elicited. 

Group 2. Of the 48 sexually active patients, 20 com- 
plained of some form of sexual problem and 15 of these 
actually requested medical attention for the problem. 
The diagnostic categories and frequency of occurrence 
are presented in Table II. 
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Table I. Demographic characteristics of the 
study population 


Characteristic No. 
Age (yr) 
(Mean) S762 15 
(Min./max.) 22/79 
Ethnic origin 
Anglo-American 38 
French 39 
Italian 13 
Asiatic 8 
Other 12 
Religion 
Roman Catholic 68 
Protestant 24 
Hindu 7 
Other 1] 
Marital status 
Single 10 
Married 75 
Divorced 18 
Widowed 7 
Obstetric history 
Gravidity (mean) 2.5 + 0.15 
Parity (mean) ” 2,1 + 0.14 
Contraceptive method used 
None/not applicable 63 
Oral contraceptive 17 
Tubal ligation 14 
Intrauterine contracep- 8 
tive device 
Other . 8 


The simple questionnaire as administered by the stu- 
dent or intern again detected all cases in which a sexual 
complaint was elicited. 


Comment 


Reports on the prevalence of sexual dysfunctions 
vary from a low of 5%° to a high of 50%.° Most reports 
estimate the prevalence at about 25% in the general 
population.* Sexual complaints may reflect physical or 
psychological abnormality; they may represent a dis- 
ease entity in themselves or reflect an underlying dis- 
turbance of conflict. 

Along with psychiatrists and family physicians, ob- 
stetricians and gynecologists are the group of physi- 
cians most likely to encounter patients presenting with 
these problems. It is now well accepted that a sexual 
history should be part of the routine medical assess- 
ment.’ However, most sources emphasize how awkward 
both physician and patient may be in discussing this 
subject. These same sources advocate the inclusion of 
the sexual assessment in the review of systems but in 
fact continue to set it apart by recommending the use 
of various “introductory” statements.° 

The use of a screening questionnaire has been sug- 
gested. One source claims that up to 95% of sexual 
problems can be detected in this fashion.’ The scope 
of the questionnaire is still debated.°? One common 
criticism of the busy practitioner is that these question- 
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Table II. Preliminary diagnoses and frequency 
of occurrence: combined data 





Complaint* 


(No. of 
patients) 









Dysfunction} 
(No. of 
patients) 





Arousal disorder 3 4 
Vaginismus 0 8 
Deep dyspareunia 7 13 
Sexual desire disorder I 6 
Other © 2 2 





*Complaint is defined as a problem reported by the patient 
for which no medical attention is requested by the patient. 


+Dysfunction is defined as a problem for which the patient 
requests medical attention in order to correct the problem. 


naires are time consuming and demand ease in dealing 
with the issues. Many find it difficult to: question the 
patient openly about difficulties with lubrication or 
orgasm. | 

With these concerns in mind, R. A. H. Kinch, M.D. 
(written communication) and J. Lamont, M.D. (written 
communication) have devised the simple questionnaire 
used in this experiment. By asking these simple ques- 
tions the physician implies that he values the impor- 
tance of sexuality and is available to discuss sexual 
problems. | 

The aim of this study was to compare the yield of 
this simple screening questionnaire to that of a more 
detailed review of sexual function in women. Our at- 
tention was focused on problems relating to heterosex- 
ual coital activity. 

In group 1, we studied the yield under optimal cir- 
cumstances (privacy, time, experienced interviewer). 
Under these conditions, the simple questionnaire al- 
lowed us to detect all cases in which a sexual problem 
"was reported. The questionnaire was therefore as ef- 
fective. as the detailed review of sexual function. In 
group 2, the simple questionnaire was integrated in the 
routine ward admission procedures without any par- 
ticular attention. The detailed review of sexual function 
was then administered under optimal conditions. Once 
more, the yield of the simple questionnaire was equal 
to that of the more detailed interview. 

These findings are quite remarkable. On the basis of 
current literature, the more thorough review of sexual 
function was expected to have a higher yield. In ad- 
dition, one would expect a “priming” phenomenon to 


occur when the simple questionnaire precedes the more - 


thorough review of sexual function. Our results chal- 
lenge these views. 

There is still no universally recognized instrument 
for the detection of sexual dysfunctions. The report- 
edly more sensitive instruments require experienced 
professionals and much time. In view of the present 
findings however, the next step would be to compare 
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the yield of the simple questionnaire to that of more 
advanced techniques. _ 

The prevalence of sexual problems and dysfunctions 
was comparable to that previously reported in the lit- 
erature. We believe it to reflect the true prevalence of 
dysfunctions in our study population. | 

The findings in this experiment support the hypoth- 
esis that patients will report sexual problems to a re- 


_ ceptive physician who displays a willingness to discuss 


the subject. Ease with the subject matter may be less 
important than has been estimated up to now. 

Many clinicians feel inadequate i in the area of sexual 
therapy. They state that they lack the appropriate train- 
ing to initiate brief or extended therapy. For this reason, 


- they feel it is best to leave out inquiries about sexual 


functioning. While they must be commended for re- 
alizing their limitations, we cannot support this attitude. 
It is well acknowleged that many sexual concerns can 
be dealt with by simple reassurance. The PLISSIT 
model, developed by Annon,” supports this concept. 
More important, however, is the fact that there are 
resources available in most areas for advanced sexual 
counseling. In addition, the physician has a responsi- 
bility to rule out any physical abnormality as the cause 
of the sexual problem. 

We advocate the use of the simple questionnaire in 
the same way as any other screening test is used. One 
would not withhold performing a Papanicolaou test 
because one is not able to perform colposcopy and a 
radical hysterectomy. In the same way, one should not 
withhold asking these simple questions because one is 
not a certified sex therapist. 

- We feel that the sexual function inquiry should al- 
ways be included in the review of systems. This study 
proposes a practical and reliable method to accomplish 
this. - | 

We conclude that a simple questionnaire can be used 
effectively by all physicians as a screening test for sexual 
dysfunctions relating to heterosexual coital activity. 
Further research is required to confirm this hypothesis 
with varied patient populations and under different 
conditions of doctor-patient relationship. 
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The genital tract in female children with imperforate anus 


R. Hall, M.B., S. Fleming, M. B., M. at M.D., and G. McLorie, M. D. 


Toronto, Ontario, Canada 


A retrospective study was undertaken to determine the type and frequency of genital tract anomalies that 
occur in female-children with imperforate anus. The functional outcome and optimal management of 

the genital tract anomalies were also studied. Primary vaginal anomalies occurred in 22 of 72 patients 
assessed, and uterine anomalies occurred in 18 of 51 patients assessed. For 17 patients, who were 

13 years of age or older, information was available on genital tract function. Of these 17 patients, five had 
severe vaginal scarring. A previous vaginoplasty or cloacal abnormality was a predictor of poor vaginal 
function. It is suggested that vaginoplasty, in cases in which it is possible, be delayed until puberty. (Am J 


OBSTET GYNECCL 1985;151: :169- 71.) 
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The development of the cloaca in the female embryo 
is closely associated with the millerian duct system. 
Thus abnormalities in the development of the urorectal 
system may have profound effects on the female re- 
productive tract. | 

Although much information is available as to the 
type, frequency, and treatment of urinary and rectal 
anomalies in imperforate anus, less is known of the 
genital anomalies that may occur. Even less is known 
about the treatment of these genital anomalies or the 
potential for future coital or reproductive functions. 

We consequently set out to determine the types and 
frequency of genital tract anomalies that occurred in 
female children and to determine the functional out- 
come of their reproductive tract. We further hoped to 
draw some conclusions as to the optimum time for cor- 
rective surgery on the genital tract. 
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Table I. Distribution of anomalies of rectum 


and anus in 162 patients 
No. of 
patients % 


Type of anomaly 
Noncommunicating 
- Anal stenosis 14 8.6 
Imperforate anal membrane 3 1.9 
Anal agenesis 1] 6.8 
Rectal agenesis 4 2.5 
Rectal atresia ] 0.6 
Unknown l 9.6 
Subtotal 34 91.0 
Communicating 
Ectopic perineal anus 25 15.4 
Covered anus 17 10.6 
Rectovestibular fistula 37 22.8 
Low rectovaginal fistula 13 8.0 
High rectovaginal fistula 14 8.6 
Cloaca - 22 13.6 
Subtotal 128 79.0 
Total ` 162 100.0 


Material and methods 


A retrospective study of 162 female patients born 
after 1959 and treated for imperforate anus at The 
Hospital for Sick Children, Toronto, was undertaken 
to ascertain the type and i a of genital tract 
anomalies. 

Stephens” classification of imperforate anus was used 
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Table II. Morphology of the lower genital] tract 


Lower genital tract 


abnormalities No. 
Vaginal septum g 13 
Vaginal agenesis 5 
Imperforate hymen 1 
Distal stenosis l 
Absent lower third vagina l 
Hymenal band l 
Total 22 


Table IIL. Morphology of the upper genital tract 


Upper genital tract 

abnormality No. 
Bicornuate uterus 8 
Uterus didelphys 8 
Hypoplastic uterus 2 
Total 18 


‘in documenting the type of anal or rectal anomaly pres- 
ent. This classification was chosen because it divides 
these abnormalities into those that communicate (with 
vagina, vestibule, or perineum) and those that do not. 
This was thought to be significant with respect to vag- 
inal function and outcome, since some girls with other- 
wise normal lower genital tracts may have rectovaginal 
fistulae. | 

The type of vaginal or uterine anomaly present was 
determined from the patient’s chart by any examina- 
tion or investigation that had been performed on the 
child or from operative notes or postmortem exami- 
nations. 

The functional outcome of the reproductive tract was 
determined whenever possible in those girls who were 
_ 13 years of age or older. The outcome was classified as 
normal, mildly impaired (some scarring present but not 
necessitating future surgery), severly impaired (much 
scarring present which will require future surgery to 

ensure a functional outcome), and unknown. 


Results 


According to Stephens’ classification, there were 34 
patients with a noncommunicating anomaly (21%) and 
128 patients with a communicating anomaly (79%). The 
actual type of anomaly is summarized in Table I. 

The vagina was assessed in 72 of the 162 patients, 
with 22 having primary vaginal anomalies (i.e., exclud- 
ing rectovaginal fistula) (Table II). 

Documentation of the upper genital tract was avail- 
able for 51 patients, with 18 of them having anomalies 
(Table III). 

Sixty-six patients, 13 years of age or older, were stud- 
ied in respect to genital tract function. Information was 
available for only 17 patients (Table IV). 
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Table IV. Genital tract function 


Functional status Ne. 
Normal 9 
Mildly impaired 3 
Severely impaired 5 
Unknown 49 
Total 66 


Data available in the patients’ charts was insufficient 
to comment on coital or reproductive functions. How- 
ever, over 85% of patients had normal or near-normal 
bowel, renal, and urinary function. _ 


Comment 


Although information was generally available on gas- 
trointestinal and genitourinary abnormalities and func- 
tions, there was often little or no information available 
on these patients’ genital tracts. | 

This is understandable since normal bowel and uri- 
nary continence was obviously more important than the 
future genital tract function in children. Nevertheless, 
the information that was available does give an indi- 


_ cation of the genital tract abnormalities and functions 


that may be encountered in these girls. 

Of the 162 patients, 72 had an assessment of the 
vagina, with 22 of these patients (32%) having primary 
vaginal abnormalities. A vaginal septum and vaginal 
agenesis were the most common findings. However, the 
total number of patients who had vaginal anomalies 
was much higher, since a communicating type of rectal 
anomaly with the vagina, vestibule, or perineum was 
present in 79% of the 162 patients. Although the com- 
municating type of anomaly may be advantageous in- 
sofar as the bowel remains decompressed, it does mean 
that reconstructive surgery to the bowel also involves 
surgery to the lower genital tract with the risk of 
scarring. | | 

Of the 162 patients, 51 had an assessment of the 
upper genital tract, with 18 (35%) showing abnormal- 
ities of the miillerian system. A bicornuate uterus and 
uterus didelphys were the most common abnormalities. 

As a result of the advances in corrective surgery that 
have been made in recent years,?* over 85% of the 
patients achieved normal or near normal bowel, renal 
or bladder function. 

Over 90% of the 162 patients had surgery that in- 
volved the perineum, with all its ramifications on re- 
productive and coital function. Of the 66 patients 13 
years of age or older who were assessed for vaginal 
function, there were 17 for whom information was 
available and five (29%) who had severe vaginal scar- 
ring. From these 17 cases it appeared that a previous 
vaginoplasty or cloacal abnormality was a predictor of 
poor vaginal function. 
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It is our impression that the initial attempt at vagi- 
noplasty significantly contributes to scar tissue forma- 
tion because the surgery is performed on unestrogen- 
ized tissues. 

Although there were insufficient data to enable com- 
ment on coital and reproductive function, 29% of the 
patients for whom information was available did have 
severe vaginal scarring. Similarly, uterine abnormalities 
occurred in 35% of those for whom information was 
available. These uterine abnormalities have been shown 
to increase the rate of spontaneous abortion and pre- 
mature labor and decrease the live-born rate.’ 

To ensure that the patients achieve normal coital and 
reproductive function, it is suggested that the genital 
tract be evaluated both at an early stage of management 
and again after the operation. Furthermore, vagino- 
plasty, if possible, is best left until the child has reached 
puberty, when the tissues are under the influence of 
estrogen and are more pliant and more amenable to 
surgical manipulation. It is hoped this would result in 
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minimal scar tissue formation. The older child may also 
be able to cooperate during her postsurgical care, which 
may involve the use of a vaginal mold or dilators. 

It is suggested that the gynecologist be involved at 
an early stage in the investigation and care of these 
infants with imperforate anus. This should ensure op- 
timal bowel and urinary function while also preserving 
the anatomy and function-of the reproductive tract. 
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Comparison of the outcome of ovulation induction therapy in 
an in vitro fertilization program employing a low-dose and 
an individually adjusted high-dose schedule of human 


menopausal gonadotropins 


‘Basil Ho Yuen, F.R.C.S.(C), Sheila M. Pride, F.R.C.S.(C), Timothy C. Rowe, F.R.C.S.(C), 
Young S. Moon, Ph.D., Peter F. McComb, F.R.C.S.(C), Betty J. Poland, F.R.C.S.(C), and 


Victor Gomel, F.R.C.S.(C) 


Vancouver, British Columbia, Canada 


A low-dose “nonsuperovulation” scheme of ovulation induction (schedule 1: 15 treatment cycles in 13 
women) was compared to a high-dose, individually adjusted “controlled-superovulation” scheme of human 
menopausal gonadotropin administration (schedule 2: 18 treatment cycies in 17 women, with four women 
also having been treated under schedule 1). In schedule 2 more human menopausal gonadotropin 

was employed, 17-estradiol plasma levels were higher, and more ova were retrieved per treatment cycle 
(p < 0.01) with a higher rate of mature ova (p = 0.001). Also, under this schedule all treatment cycles 
resulted in successful retrieval of ova, whereas under schedule 1, four cycles (27%) were abandoned 
before laparoscopy because the follicles had ovulated (p = 0.03). Furthermore, the proportion of embryos 
cleaving to the two- to four-cel!l stage were higher under schedule 2 (38 of 53, or 72%) as compared to 
schedule 1 (13 of 25, or 52%), but this was not statistically significant (0 = 0.07). Two pregnancies were 
conceived under schedule 2 giving a rate of 11% per treatment cycle. ‘It was concluded that schedule 

2, the individually adjusted controlled-superovulation scheme of human menopausal gonadotropin 
administration, was the superior technique of ovulation induction in an in vitro fertilization program. (Am J 


Osstet Gynecot 1985;151:172-5,) 


Key words: Ovulation induction therapy, human menopausal gonadotropins, human 


chorionic gonadotropins, in vitro fertilization 
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Various techniques have been employed for the stim- 
ulation of multiple oocyte retrieval prior to in vitro 
fertilization.’ ? It is now also appreciated that the 
pregnancy rate is related to the number of embryos 
transferred to the uterus of the mother.?* Human 
menopausal gonadotropin and human chorionic go- 
nadotropin are potent, naturally occurring gonadotro- 
pins that have been employed for clinical induction of 
ovulation. This technique allows for superovulation® 
with consistent results in the recovery of oocytes by 


Table I. Outcome of ovulation induction employing a low-dose nonsuperovulation and a high-dose, individually 
adjusted controlled-superovulation schedule of human menopausal gonadotropin administration 





Cycles in which 
ova were not 
Human menopausal Plasma obtained 
gonadotropin dose estraciol-17B 
Schedule* in ampuls (pg/ml) Total ova 
Schedule 1 (15 cycles in 13 women) 10.3 + 0.4 343 + 43 4/157 27 25 
Schedule 2 (18 cycles in 17 women) 19.8 + 0.7% 1288 + 100¢ 0/18§ 0 53 


*Four women were also treated in schedule 1. Total number of women treated in both schedules was 26. 
jAbandoned before laparoscopy. 

tp < 0.01, Mann-Whitney test. 

$p = 0.03, Fisher’s exact test. 

|p = 0.001, Fisher’s exact test. 
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laparoscopy.™? It also provides good ‘control of follic- 
ular maturation with a low rate of luteinizing hormone 
surges during stimulation." > Simplified monitoring 
techniques and a greater flexibility in the timing of 
laparoscopy for oocyte retrieval may thus be possible. 
The latter has important practical advantages in the 
schedules of the operating room, the clinical staff, and 
the laboratory staff of a busy hospital. However, human 
menopausal gonadotropin is expensive; a low-dose 
schedule of administration would be desirable if it 
would achieve results equivalent to those of a high-dose 
scheme. 

When the in vitro fertilization program was initiated 
at the University of British Columbia in July, 1982, the 
outcome of a low-dose “nonsuperovulation” schedule 
of human menopausal gonadotropin administration 
was compared to that of a high-dose, individually ad- 
justed “controlled-superovulation scheme.” The re- 
sults, analyzed to November, 1983, a 17-month period, 
are presented in this paper. 


Material and methods 


Twenty-six women between the ages of 24 to 34 years 
with primary and secondary infertility due to inoper- 
able tubal disease were treated over 33 cycles with hu- 
man menopausal gonadotropin and human chorionic 
gonadotropin. The first 13 patients (31.4 + 0.6 yr, 
mean + SEM) were treated over 15 cycles according to 
schedule 1, the nonsuperovulation scheme. Pergonal, 
l to 2 ampuls daily, was given intramuscularly com- 
mencing between days 3 and 5 of the cycle until ultra- 
sound studies showed the leading follicle(s) to be 21.5 
cm in size, at which time 4000 IU of human chorionic 
gonadotropin was given intramuscularly. The human 
chorionic gonadotropin dosage given in this schedule 
was according to that employed by Marrs et al.° In this 
schedule no attempt was made to stimulate plasma es- 
tradiol-178 levels beyond the upper normal limit of 600 
pg/ml. The remaining 13 patients and another four 
patients previously treated under schedule 1 (mean 
age, 30.7 + 0.8 yr) were treated over 18 cycles under 
schedule 2, the controlled-superovulation scheme. Per- 
gonal was administered intramuscularly from day 4 





Mature ova 


Ova per cycle 
1.8 + 0.3 11/25 © 44 13/25 
2.94 + 0.44 46/53] 87 38/53 


Ova reaching 2- to 
4-cell embryos 
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starting with 3 ampuls daily. The dose was reduced 
or maintained at this level depending on the plasma 
estradiol-178 and ultrasound findings. When plasma 
estradiol-17B concentrations reached approximately 
1000 pg/ml and ultrasound studies showed the leading 
follicle(s) to be 21.5 cm, 5000 IU of human chorionic 
gonadotropin was administered intramuscularly. The 
human chorionic gonadotropin dosage employed in 
this schedule was according to that described by Lo- 
pata.” In this schedule the aim was to stimulate plasma 
estradiol-178 levels well above normal unstimulated 
levels of 600 pg/ml, i.e., controlled superovulation. Un- 
der both treatment schedules, laparoscopy and oocyte 
retrieval were performed 32 to 36 hours after human 
chorionic gonadotropin was given. Laparoscopy was 
performed under general anesthesia, employing the 
three-puncture technique with carbon dioxide as the 
gas phase. 

Oocytes were cultured in modified Ham’s F10 me- 
dium supplemented with 50 mg/L of penicillin G, 1.68 
g/L (20 mmol/L) of sodium bicarbonate, 507 mg/L (5 
mmol/L) of potasstum bicarbonate, and 245 mg/L (1 
mmol/L) of Ca-lactate. The water used was glass-dis- 
tilled five times and processed through activated carbon 
ion exchange resin. The osmolarity was adjusted to a 
dilution of 280 mosm per kg of water. The final pH 
was from 7.3 to 7.4 after equilibration with a 5% carbon 
dioxide/5% oxygen/90% nitrogen gas mixture. The 
maternal serum used was heat-inactivated at 56° C for 
30 minutes and filter-sterilized through a 0.22 um 
membrane filter. The insemination media constituted 
10% maternal serum. The growth media constituted 
20% maternal serum. 

Follicular fluids were scanned rapidly with a dissect- 
ing microscope. Once located, oocytes were graded for 
maturity on the basis of the presence or absence of the 
extracoronal cumular mass, morphologic characteris- 
tics of the corona cells, and the appearance of detached 
membrana granulosa cells. Preovulatory oocytes were 
routinely incubated for 6 to 8 hours prior to insemi- 
nation, and immature oocytes were incubated approx- 
imately 24 hours prior to insemination. 

Motile sperm from the husband’s semen were ob- 














Fertilized and 
cleaving embryos 
transferred 






52 21/25 84 0/15 0 
72 43/53 8] 2/18 1] 
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tained by means of the overlay technique, with Ham’s 
F10 medium. The sperm were washed twice with in- 
semination medium. Approximately 10° sperm were 
used to fertilize each oocyte in 1 ml of insemination 
medium. About 16 to 20 hours after insemination, cu- 
mulus cells were removed (if necessary) by means of 
two 26-gauge needles. Fertilization was then demon- 
strated by the presence of pronuclei and two polar 
bodies, with the use of a dissecting microscope at 80 x 
magnification. The insemination medium was replaced 
with | ml of growth medium for further culture. Repeat 
examinations for cleavage were performed about 40 
hours after insemination. Most of the embryos were 
‘transferred at the two- to four-cell stage. 
Embryo transfers were performed with the patients 
in the lithotomy position. Open-ended Teflon catheters 
‘(William A. Cook Ltd., Surrey Hills, 3127 Victoria, Aus- 
tralia) were used. Embryos were drawn into the can- 
nula; preloaded completely with maternal serum, and 
delivered into the uterine fundus with use of 25 to 50 
ul of the medium. Blood samples were drawn every 
third ‘to fourth day after embryo transfer for proges- 
‘terone and human chorionic gonadotropin B-subunit 
assays. : 

Estradiol-17B was measured in plasma by radioim- 
munoassay employing a rapid technique. Assay kits, 
manufactured by Radio Isotopen Service/Isotopenpro- 


`- duktion Eidg. Instuit für Reaktorforschung 5303 Wiir- 


enlingen, were purchased from Bionucleonics, Inc., 
Edmonton, Alberta, Canada. The mean within and be- 
tween coefficients of variation were 6.3% and 9.3%, 
«respectively. This is a double-antibody radioimmu- 
noassay employing '*I as the radioactive tracer. The 
first incubation period was 2 hours, and- the second 
incubation period was 30 minutes. The assay was per- 
' formed directly on aliquots of 50-100 pl of neat or 
-diluted plasma. Blood samples were collected into 7 ml 
glass Vacutainer tubes (Becton Dickinson 6450) con- 
taining 0.07 ml of 15% ethylenediaminetetraacetic acid 
as anticoagulant. Human menopausal gonadotropin, 
Pergonal (75 IU FSH and 75 IU LH per ampul), was 
purchased from Serono Laboratories, Randolph, Mas- 
sachusetts, while human chorionic gonadotropin was 
purchased from Ayerst Laboratories, Montreal, Can- 
ada. Data were analyzed by the Mann-Whitney test and 
Fisher’s exact test. 


Results 


_ Results are shown in Table I. Compared to schedule 
' 1, schedule 2 required more human menopausal go- 
- nadotropin; in the latter schedule, plasma estradiol-178 
levels were higher, and more ova per treatment cycle 
and more mature ova were retrieved. In this schedule, 
‘all treatment cycles in which ovulation induction was 
initiated resulted in retrieval of ova, whereas in sched- 
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ule 1, four cycles (27%) were abandoned before 
laparoscopy because the follicles had ovulated. Fur- 
thermore, the proportion of embryos cleaving to the 
two- to four-cell stage were higher under schedule 2 
(38 of 53, or 72%) as compared to schedule 1 (13 of 
25, or 52%) but this was not statistically significant 
(p = 0.07, Fisher’s exact test). The rates of fertilization 
under both schedules were also similar. Two pregnan- 
cies were ccnceived under schedule 2 at a rate of 11% 
per treatment cycle. 


Comment 


The use of human menopausal gonadotropin in a 
high-dose, individually adjusted controlled-superovu- 
lation schedule, as compared to a lower-dose nonsu- 
perovulation scheme, produced superior results. First, 
in schedule 2 (the controlled-superovulation scheme) 
ova were retrieved from all cycles in which ovulation 
induction therapy was initiated, whereas in schedule 1, 
27% of treatment cycles were abandoned before lap- 
aroscopy because the follicles had ovulated during 
treatment. Second, schedule 2 produced significantly 
more ova, with-a higher proportion of mature ova re- 
covered per treatment cycle. Third, under schedule 2 
more embryos reached the 2- to 4-cell stage after 
in vitro fertilization (72% vs. 52%, p = 0.07). It was of — 
interest that in a series of carefully monitored human 
menopausal gonadotropin and human chorionic go- . 
nadotropin treatment cycles in anovulatory women (not 
in vitro fertilization—related indications) a similar con- 
trolled-superovulation schedule resulted in a 100% 
probability of ovulation occurring during treatment.° 
Despite the slightly higher human chorionic gonado- 
tropin dosage employed, the improved results associ- 
ated with schedule 2 were most likely the consequence 
of more advanced degrees of follicular stimulation 
achieved with this schedule. 

Since the transfer of multiple embryos to the uterus 
of the mother influences the pregnancy rate,”* a sched- 
ule of ovulation induction resulting in a high prob- 
ability of retrieving ova, a high ova recovery rate, and 
a high proportion of cleaving embryos after in vitro 
fertilization would be advantageous. In this context a 
schedule of human menopausal gonadotropin admin- 
istration based on the high-dose, individually adjusted 
controlled-superovulation mode appears to be superior 
to the lower-dose nonsuperovulation mode. 


We thank Mrs. P. Callegari and Mrs. L. Sy for their 
assistance in this study. 
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Prostaglandins mediate postoperative pain in Falope 


ring sterilization 


Beverly L. Brodie, M.D., and Robert F. Casper, M.D.* 


Halifax, Nova Scotia, and London, Ontario, Canada 


To test the hypothesis that prostaglandins mediate the high incidence of postoperative pain in patients 
undergoing mechanical tubal occlusion, we studied the effect of premedication with a prostaglandin 
synthetase inhibitor in patients having Falope ring sterilization. Fifty-two women were randomly divided into 


two groups in which 19 (study group) received a preoperative indomethacin rectal suppository (100 mg) 


while 33 (control croup) received nothing. Postoperative narcotic analgesics were administered as required, 
and for persistent pain an indomethacin suppository was given in the recovery room. Twenty-four percent 
of the control group required a postoperative indomethacin suppository because of persisting pain j 
‘compared to none of the study group (p < 0.02). These results suggest that prostaglandins mediate, and 
premedication with a prostaglandin synthetase inhibitor may lessen, postoperative pain in patients 
having Falope ring sterilization. (Am J OBsteT GynecoL 1985;151:175-7.) 


Key words: Prostaglandins, Falope rings 


Laparoscopic Falope ring tubal occlusion is a safe and 
effective method of sterilization but is associated with 


an incidence of severe postoperative pain ranging from - 


<5% up to 33% in some studies.':” Compared to other 
methods of tubzl sterilization, the application of Falope 
rings results in a three to six times greater incidence 
of postoperative pain than electrocautery" and twice 
as frequent pain as tubal occlusion with Hulka clips.’ 
Leggat and Barr® have suggested that the increased 
pain with mechanical occlusive procedures (compared 
to electrocoagulation) is secondary to ischemia and ne- 
crosis of the ligated portion of the tube without de- 
struction of adjacent nerve fibers. However, a recent 
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study demonstrated that postoperative pain associated 
with tubal occlusion was not improved by the applica- 
tion of lidocaine topically prior to ring application.® 

Since prostaglandins are present in tubal tissue”? and 
since tubal trauma or ischemia stimulate prostaglandin 
production,” '' we postulated that severe postoperative 
pain in patients undergoing Falope ring application 
may be mediated by prostaglandins. In the present 
study we examined the efficacy of the preoperative ad- 
ministration of a prostaglandin synthetase inhibitor in 
ředucing the incidence of postoperative pain in patients 
undergoing Falope ring tubal occlusion. 


Material and methods 


Study subjects comprised 65 consecutive patients un- 
dergoing elective Falope ring sterilization over a 6- 
month period in one hospital. The patients were ran- 
domized by the senior operatirig room nurse on the 
basis of the last digit of their hospital number. Patients 
with an even number were placed in the study group 
while those with an odd number entered the control 
group. All patients were given a general anesthetic and 
endotracheal intubation with ‘the usual preoperative 
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. Table I. The requirement for postoperative 
administration of an indomethacin suppository 
in the study group (group 1, premedication 
with indomethacin, 100 mg) and control 
group (group 2, no medication)* 





Postoperative indomethacin 
suppository 






Required Not required 






25 76 8 24 


*A postoperative indomethacin suppository was adminis- 
tered only if pain persisted after the standard narcotic ad- 
ministration in recovery room. 


medications at the discretion of the attending anesthe- 
tist. Patients in the study group received a 100 mg in- 
domethacin rectal suppository immediately after in- 
duction of anesthesia. Patients in the control group 
received nothing. | 

Although the laparoscopic procedures were carried 
out by different surgeons, the techniques used were 
quite similar. In the combined lithotomy-Trendelen- 
burg position, the cervix was grasped with a tenaculum 


and a Cohn-Eder cannula positioned in the cervical os.’ 


Three liters of carbon dioxide gas was infused into the 
abdominal cavity under low pressure. The laparoscope 
was inserted through a subumbilical incision, and un- 
der direct vision a second trocar was inserted into the 
abdomen through a suprapubic incision to allow place- 
ment of the Falope ring applicator. After the pelvis was 
visualized and found to be normal, the fallopian tubes 
were identified, grasped in the midisthmic portion, and 
a Falope ring was applied so as to incorporate a com- 
plete loop of tube bilaterally. Following the procedure, 
the patient was taken to the ‘recovery room where a 
standard protocol was followed for postoperative arı- 
algesia and patient. care. The recovery room nurses 
were unaware that a study was being undertaken. 

“ All patients received meperidine hydrochloride, 50 
mg intramuscularly, as soon as possible after awaken- 
ing. If the patient complained of severe pain 30 minutes 
later, a second intramuscular injection of meperidine 
hydrochloride, 50 mg, and promethazine hydrochlo- 


ride, 25 mg, was given. Dimenhydrinate, 50 mg intra- 


venously, was given once if necessary for nausea and 
vomiting. If the patient was still complaining of severe 
pain 30 minutes after the second injection of meperi- 
dine hydrochloride, a 100 mg indomethacin rectal sup- 
pository was administered. Diet was unrestricted while 
patients were in the recovery room, and they were dis- 
charged home as soon as they were able to leave. 
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Statistical analysis was by Cochran’s modification of 
x” and Student’s ¢ test for group data. 


Results 


At the end of the 6-month period, all of the charts 
were retrieved and the results tabulated. Of the 65 
consecutive patients initially participating in the study, 
13 were eliminated, 12 because of other operative pro- 
cedures such as curettage performed along with the 
tubal occlusion and one because of failure to follow the 
protocol. The 52 patients ultimately remaining in the 


` study, therefore, were women who underwent uncom- 


plicated Falope ring tubal ligations as the only proce- 
dure: Of the 52 patients, 19 received a preoperative 
indomethacin suppository (the study group), while 33 
(the control group) did not. The mean (+SEM) du- 
ration of operation for the study group (17.7 + 3.5 
minutes) and the control group (19.2 + 2.9 min) was 
similar (p < 0.05). 

As outlined in Table I, none of the 19 study patients 
required a second indomethacin suppository for pain 
control in the postoperative period. In contrast, eight 
of the 33 control patients (24%) had severe pain which 
was not controlled by 100 mg of meperidine hydro- 
chloride and 25 mg of promethazine hydrochloride but 
was finally relieved by an indomethacin suppository. 
The difference between the two groups was statistically 
significant (x? = 4.45, p < 0.02). 


Comment 


The results of this study are in keeping with the 
previously reported high incidence of postoperative 
pain in. patients undergoing Falope ring tubal occlu- 
sion.2* ? In the 33 control patients, 24% had postop- 
erative pain that was not relieved by 100 mg of me- 
peridine hydrochloride. Human fallopian tubes have 
been shown to produce prostaglandins*® which are not 
stored in tissues but are produced in response to trauma 
or other appropriate stimuli’ ' !3 It is possible that 
release of prostaglandins following the tubal trauma 
and ischemia induced by ring application acts locally to 
produce painful uterine contractions similar to those 
experienced by patients with dysmenorrhea. 

Indomethacin is an effective inhibitor of the enzyme 


. cyclooxygenase which is necessary for the production 


of prostaglandin F,, and prostaglandin E (see reference 
14 for review), Clinically, peak therapeutic blood levels 
of indomethacin are reached between 30 and 60 min- 
utes following rectal administration’® '® and the half- 
life of the drug is estimated to be 8 to 10-hours.'” Rectal 
suppositories were chosen for this study since the pa- 
tients were allowed nothing by mouth ‘prior to the sur- 
gical procedure and after operation the absorption of 
the indomethacin is not altered by vomiting. That the 
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postoperative pain experienced by our patients was me- 
diated by prostaglandins is suggested by the finding 
that indomethacin premedication prevented the .ne- 
cessity of extra analgesic in the study group. 

The tubal occlusions in this study were all performed 
before peak concentrations of indomethacin would be 
expected (mean duration of operation was 17 + 3.5 
minutes versus 30 to 60 minutes for peak therapeutic 
levels). It is thus possible that some degree of prosta- 
glandin release might have occurred prior to the onset 
of action of the indomethacin and that earlier pretreat- 
ment of these patients may markedly decrease the need 
for postoperative narcotics. 

Although the number of patients in this study is 
small, the results strongly suggest that prostaglandins 
mediate, and premedication with a prostaglandin an- 
tagonist will relieve, much of the postoperative pain 
following Falope ring tubal occlusion. If indomethacin 
rectal suppositories are used we would recommend ad- 
ministration l to 2 hours prior to operation, that is, at 
the time of admission to the outpatient facility, in order 
to optimize the prostaglandin inhibition achieved at the 
time of tubal occlusion. Such premedication may sig- 
nificantly decrease the amount of narcotic analgesic re- 
quired after operation and should facilitate earlier dis- 
charge of these patients. 


We thank the- operating room nurses and the at- 
tending physicians of the Halifax Infirmary for their 
assistance with this study. 
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The effect of vaginal administration of various doses of 
prostaglandin E, gel on cervical ripening and induction 


of labor 


G. K. Graves, M.D., T. F. Baskett, M.B., J. H. Gray, R.N., and E. R. Luther, M.D. 


Halifax, Nova Scotia, Canada 


Eighty patients with a Bishop score of <4 were randomly administered vaginal triacetin gel containing 
placebo or prostaglandin E, in 1, 2, and 3 mg doses. Twelve to sixteen hours‘ later, those not in labor 
underwent oxytocin induction. Increasing doses of prostaglandin were effective in ripening the cervix, 
and the higher doses were associated with significant success in inducing labor. (AM J OBSTET GYNECOL 


1985'151:178-81.) 


Key words: Prostaglandin E,, cervical ripeness, labor induction 


The degree of cervical ripeness correlates with the 
ease of induction and the duration of labor.’ Induction 
of labor with an unripe cervix contributes to maternal 
and neonatal morbidity caused by prolonged labor and 
an increased need for operative delivery. Reports over 
the past several years have shown that prostaglandin 
E, in an intravaginal gel is effective in ripening the 
cervix without maternal, fetal, or neonatal complica- 
tions.?* This study compares the effects of the vaginal 
administration of prostaglandin E, gel in a single dose 
of 1, 2, or 3 mg to use of a placebo with respect to 
cervical ripening and-the induction of labor. 


Material and methods 

Eighty singleton pregnancies requiring medical in- 
duction of labor were studied. After giving informed 
consent, patients were entered into a double-blind 
study and randomized into groups of 20. All patients 
had an initial Bishop! score of <4, were at =36 weeks’ 
gestation, and were para 0 to 3. The indications for in- 
duction are listed in Table I. Exclusion criteria were as 
follows: (1) contraindication to vaginal delivery, (2) 
asthma-or prior hypersensitivity to prostaglandins, (3) 
prior attempts at ripening or induction in this preg- 
nancy, (4) malpresentation or multiple pregnancy, (5) 


intrauterine death, (6) polyhydramnios, (7) antepartum | 


hemorrhage; (8) premature rupture of the membranes, 
and (9) uterine scar. | 
The gel was prepared in individual doses of 1.0 mg, 
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2.0 mg, and 3.0 mg of prostaglandin E; (Prostin E2) in 
a gel of triacetin and 10% colloidal silicone dioxide.* 
An identical-appearing placebo consisted of 5 ml of 
gel only. Each was premixed in a disposable syringe 
with a catheter for intravaginal insertion. Each syringe 
was sealed and stored at 4° C (stable for 15 months). 
These randomly numbered identical syringes were dis- 
pensed in sequential order by the hospital pharmacy. 
Each patient was asséssed in the antenatal ward the 
evening before induction. A 30-minute observation pe- 
riod of external electronic fetal heart monitoring and . 
uterine activity was required before gel insertion, and 
the patient was excluded if regular contractions were 


- noted. If the Bishop score was <4, the gel was inserted 


into the posterior fornix through the disposable cath- 
eter. External electronic monitoring of the fetal heart 
and uterine activity was performed for 1 hour after 
insertion. If contractions were less frequent than two 
évery 10 minutes and the fetal heart was normal, the 
patient was allowed to ambulate. The patient’s tem- 
perature, blood pressure, and pulsé were taken every 
hour for 3 hours and four times hourly thereafter. If 
labor occurred in the 12- to-16-hour observation period 
after gel insertion, the patient was transferred to the 
labor and delivery area. Amniotomy or augmentation 
of labor was left to the discretion of the attending staff. 

Initiation of labor following the use of gel alone in 
this study was defined as regular uterine contractions 
(three in 10 minutes) without amniotomy, resulting in 
progressive cervical dilatation of =3 cm within the 12- 


*Supplied by the Upjohn Company of Canada, 854 York 


"Mills Road, Don Mills, Ontario, Canada M3B 1Y6. 


7Correspondence with Health Protection Branch, Health 
and Welfare Canada, Ottawa; stability data supplied by Up- 
john Company of Canada. 
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Table I. Primary indications for induction 


Prostaglandin E, 








Indication 


Preeclampsia 5 1] 12 8 

Chronic hypertension 3 5 3 4 

Prolonged pregnancy 9 1 ] 3 

Diabetes mellitus 3 ] 2 - 

Intrauterine growth — 2 2 2 
retardation 

Other — — — 3 


Total 20 20 20 20 





No. of patients 20 20 20 20 . 
Nulliparas lI 15 15 8 
Multiparas 9 5 5 12 
Age (mean yr) 26.8 27.2 24.7 27.3 


Gestation (mean wk) 40.0 39.0 39.0 38.9 
Initial Bishop score 2.4 2a 3.0 2.6 
(mean) 


to 16-hour observation period. Uterine activity was 
considered hvpertonic if contraction frequency was 
more than five in 10 minutes or if an individual con- 
traction exceeded 2 minutes’ duration. If hypertonia 
occurred, the gel was removed with gauze swabs and 
saline irrigation. 

If the patient was not in labor after 12 to 16 hours, 
then the same observer reassessed the Bishop score. 
Intravenous oxytocin induction of labor was then 
started, followed by amniotomy when cervical dilatation 
reached 3 to 4 cm. Induction of labor was considered 
successful when cervical dilatation reached 5 cm. If the 
patient was not in labor after 8 hours of oxytocin in- 
fusion or required cesarean section prior to 5 cm di- 
latation, the induction was considered a failure. 

Fetal distress was defined as repeated late decelera- 
tions, persistent profound. variable decelerations (<70 
beats per minute for 60 seconds or longer), and fetal 
bradycardia or tachycardia combined with loss of base- 
line variability. One- and five-minute Apgar scores and 
the neonatal course to discharge from hospital were 
documented. 


Results 


The patient characteristics are listed in Table II; 
there were no differences between the groups with re- 


spect to mean maternal age, gestational age, or initial . 


Bishop score. Of the 80 patients who received the gel, 
four were excluded during the observation period. One 
patient in each of the groups receiving Prostin E2 de- 
veloped fetal distress and required cesarean section. 
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Table III. Change in Bishop score 






Prostaglandin E; 


Pt 
‘Mean initial Bishop 2.5 ra | 20> Bio 
score* 
Mean Bishop score 3.7 5.4 55 6.1 


after receiving -gel* 

Mean change in Bishop 1.4 27 26 38 
scoret 

Number of patients* 20 18 15 9 


*This table includes only those patients who were not de- 
livered by the end of the observation period and who therefore 
had a second Bishop score. 


fp < 0.01 by analysis of variance. 


Table IV. Effect on induction and labor 






Prostaglandin E, 
Labor after gel 0/20 1/20 5/20 10/20 
alone 
Gel induction—to— — 4.9 12.8 9.0 
delivery interval 
(mean hr) 
Successful oxytocin 14/19 11/18 9/12 5/6 
induction 
Oxytocin induc- 9.4 10.2 8.0 eee 


tion—to—delivery 
interval (mean hr) 


Total successes—gel 14 12 14 15 
and oxytocin 
induction 

Delivery by cesarean 3 rj 5 4 
section 


One patient developed accelerated hypertension, and 
early induction with oxytocin removed her from the 
study. After exclusion of these cases and those who 
came into labor and delivered during the observation 
period, a second Bishop score assessment was per- 
formed on 62 patients. As can be seen in Table III, the 
prostaglandin E, gel in any dose was statistically su- 
perior to the placebo in improving the Bishop score 
(p < 0.01). The Prostin gel alone effectively induced 
labor in 16 patients, and this was dose related (Table 
IV). In spite of the cervical ripening, there was no ap- 
parent increase in success of oxytocin induction except 
in the 3 mg group where the numbers were too small 
to show statistical significance. From the results in Table 
IV, it can be seen that there was no significant differ- 
ence between the placebo and Prostin groups in the 
interval from oxytocin induction to delivery. The dose 
of oxytocin required and the need for delivery by ce- 
sarean section did not vary appreciably between 
groups. 

Complications are listed- in Table V. The gel was re- 
moved in nine cases: seven had uterine hypertonia, one 
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Table V. Complications 





Prostaglandin E, 






Hypertonia — ] 2 

Fetal distress — l ] 

Vulvar edema — — l 

Gastrointestinal — ] 6 
side effects 

Gel removal — 2 3 4 


had fetal distress associated with normal uterine activ- 
ity, and one developed severe vulvar edema. More uter- 
ine hyperstimulation occurred with higher doses of 
prostaglandin E,. The onset of hypertonia ranged from 
4 to 8 hours except for one multiparous patient in 
. whom it occurred within 5 minutes of 3 mg gel inser- 
, tion. Hypertonia occurred in 18% of all multiparous 
patients and 8% of nulliparous patients receiving pros- 
taglandin E}. 

Fetal distress was associated with two cases of hyper- 
tonia and one case with normal uterine activity. Cesar- 
ean sections were performed, and the 1l- and 5-minute 
Apgar scores were >6 in each case. In the full study 
group of 80 there were three infants with 5-minute 
Apgar scores <6: one in each of the groups receiving 
placebo, 2 mg of gel, and 3 mg of gel. All had un- 
: eventful first stages of labor but were delivered by mid- 
forceps. Their subsequent neonatal courses were un- 
eventful. 

Mild nausea and vomiting occurred in six patients in 
the group receiving 2 mg of gel and in one patient in 
the group receiving 1 mg of gel. Diarrhea occurred in 
one patient in the group receiving 3 mg of gel. The 
gel was not removed for gastrointestinal complications 
in any of the patients. One patient in the group re- 
ceiving 2 mg of gel complained of intense vulvovaginal 
pain within | hour of gel insertion. The residual gel 
was removed, but over the next 12 hours she developed 
severe vulvar edema, which decreased in the following 
72 hours. 


Comment 


Prostin E2 gel applied intravaginally is effective in 
changing the preinduction Bishop scores at all doses, 
l'to 3 mg, compared to placebo. The 3 mg dose of 
prostaglandin E, gel resulted in the onset of labor in 
50% of patients. ee 

Increasing doses of prostaglandin E, are associated 
with uterine hypertonia and the incidence is higher 
than in previous reports with gel. The gel was easily 
removed as described, and in five of seven cases normal 
uterine activity resumed. In all cases neonatal outcome 
, was normal. 

The optimum dose of intravaginal or intracervical 
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prostaglandin E, gel for cervical ripening has not yet 
been defined. Only four cases of gel-induced hyper- 
tonia are reported in the literature.***” MacKenzie 
and Embrey’ reported that a multigravid patient re- 
ceived 5 mg of prostaglandin E, in Tylose vaginally and 
developed hypertonia associated with nausea and vom- 
iting. Based on eight patients in their study who had 
rapid and uncomfortable labors but no evidence of hy- 
pertonia, they administer only 2.5 mg of prostaglandin 
E to multigravid women. The present study confirms 
that caution is warranted in administering large doses 
and that close surveillance is necessary. 

The gel itself affects the rate of absorption. Human 
studies of prostaglandin E, absorption in Tylose gel 
demonstrate an extremely rapid rise in the 15-keto- 
prostaglandin E, metabolites in serum within the first 
hour after insertion. In some individuals, there is a 
second unexplained peak about 4 hours later.* Varia- 
tion in absorption may account for more rapid onset 
of action in certain patients. Studies in monkeys indi- 
cate similar prostaglandin E, absorption from the va- 
gina with Tylose and triacetin gels. The relatively high 
incidence of uterine hypertonia and gastrointestinal 
side effects in the present study suggests the possibility 
of increased absorption in humans using triacetin gel. 

Case reports of vaginal irritation are rare and prob- 
ably are related to idiosyncratic contact dermatitis. A 
few cases were reported of mild burning sensation of 
the vagina during the first hour after Tylose gel inser- 
tion.’ One patient had marked vulvar erythema lasting 
48 hours after extra-amniotic insertion of 3 mg of pros- 


taglandin E, in 6% Tylose.® 


Only two cases of nausea and vomiting have been 
reported with vaginal or intracervical gel, and in both 
instances 5 mg of prostaglandin E, was used.**° Uterine 
hypertonia was associated with both cases. The gas- 
trointestinal side effects in the present study were not 
severe, and in only one instance was there associated 
hypertonié. 

As a method of assisting induction with an unripe 
cervix, prostaglandin E, in triacetin gel shows promise. 
There were clinically significant changes in the Bishop 
score (a change of =4) in only 10% of placebo recipients 
versus 78% of recipients of 3 mg of gel. There were 
insufficient numbers to demonstrate statistical signifi- 
cance in a comparison of oxytocin induction successes, 
since 27% of the prostaglandin E, group had delivered 
with gel alone. There was a 33% failed-induction rate 
in the nulliparous patients who received prostaglandin 
E, and a 10% rate in the multiparous patients. This did 
not differ significantly from the control group. Simi- 
larly, the cesarean section rate was not appreciably dif- 
ferent between groups and reflected the high-risk na- 
ture of this population and the difficulty of successful 
induction. 
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This study shows that the intravaginal application of 
prostaglandin E, in triacetin gel is effective in ripening 
the unfavorable cervix and that the 3 mg dose alone 
will induce labor in a significant number of patients. 
Caution is recommended because of the risks of hy- 
pertonia in patients with marginal uteroplacental per- 
fusion. 
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Fetal and neonatal effects of indomethacin used 


as a tocolytic agent 


Denis K. L. Dudley, M.B., B.S., and M. J. Hardie, M.B., Ch.B. 


Ottawa, Ontario, Canada 


B-Mimetic agents are currently recommended for tocolysis. Serious adverse reactions including maternal 
death may complicate their use. Prostaglandin synthetase inhibitors are effective tocolytic agents. Reports 
of potential adverse effects have limited clinical use in North America. This study reports the perinatal 
outcome in 167 infants exposed to indomethacin used for tocolysis in gestations of less than 35 weeks. 
The rate of preterm delivery was 41.3% (69 of 167). No cases of premature closure of the ductus arteriosus 
or persistent fetal circulation were observed. The overall perinatal mortality was 17 per 1000 (1.7%). The 
results support the view of other uncontrolled reports that a short course of indomethacin used for tocolysis 
in gestations of less than 34 weeks is without deleterious effects on fetus or neonate. lts ease of 
administration and maternal safety offer advantages over B-mimetic agents, and prospective comparisons 
of both should be undertaken. (AM J Osstet GYNECOL 1985;151:181-4.) 


Key words: 8-Mimetics, indomethacin, tocolytic agents, prostaglandin synthetase inhibitors, 


preterm labor 


Current epidemiologic studies identify only a mi- 
nority of patients at risk for preterm labor. Therapeutic 
strategy for reducing preterm births thus emphasizes 
tocolysis over prophylaxis. B-Mimetic agents are proven 
uterine relaxants' and have been used for over two 
decades. Numerous reports confirm their ability to pro- 
long pregnancy,” * but few studies demonstrate a de- 
crease in the incidence of preterm births.’ Improved 
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perinatal outcome should be the measure of efficacy, 
but only one study contains significant information on 
outcome.’ The uncertainty of whether tocolysis im- 
proves perinatal outcome makes the issue of fetal and 
maternal drug toxicity more important. B-Mimetic 


_ agents are associated with serious complications, in- 


cluding maternal death.’ Isoxsuprine, the least B, se- 
lective of available agents, is associated with a high rate 
of side effects and low tocolytic efficacy. 

The unfavorable risk/benefit ratio of isoxsuprine 
prompted the use of indomethacin, a prostaglandin 
synthetase inhibitor, as an alternative in our hospital. 
Case reports of potentially adverse fetal effects** have 
limited the clinical use in North America despite con- 
tradictory evidence from several uncontrolled studies 
that indomethacin is an effective tocolytic without 


181 


182 Dudiey and Hardie - 


106 
90 
80 
70 
60 


56 


OF PATIENTS 


40 


NO. 


30 


20 


10 





500- 750— 1000- 1500- 2000- Over 
749 999 . 1499 1999 2499 2500 


BIRTHWEIGHT GROUP 


Fig. 1. Birth weight distribution and perinata! outcome. Shaded 
area represents number of neonatal deaths (total, 2). 


harmful effects." This report describes our experi- 
ence and the observed perinatal effects in 167 patients 
treated with indomethacin from January, 1980, to Jan- 
uary, 1983. It presents evidence that the drug is un- 
associated with any significant adverse fetal effects and 
discusses its potential advantages over currently ap- 
proved B-mimetic agents. 


Material and methods 


One hundred sixty-seven patients received indo- 
methacin for tocolysis in a 3-year period. All were of 
gestational age of 20 to 35 weeks. ‘Treatment was started 
for regular uterine contractions >30 seconds in du- 
ration at least twice every 15 minutes or for progressive 
cervical effacement of dilatation. Cervical dilatation >4 
cm excluded patients from treatment. Fifteen patients 


. In whom B-mimetics were contraindicated received 


therapy with indomethacin. Forty-five (27%) of 167 pa- 
- tients had ruptured membranes. Thirty-seven patients 
(22.1%) received intravenous isoxsuprine and indo- 
methacin concurrently. 

Indomethacin, 100 mg, was administered rectally 
and repeated in 1-2 hours if regular uterine contrac- 
tions persisted. At the same time a regimen of 25 mg 
orally every 6 hours for 24 to 48 hours was started. 
Therapy was usually limited to 24-48 hours, but eight 
patients received courses of oral therapy for periods 
ranging from 3 to 9 days. The average quantity of 
indomethacin received was 225 mg. The mean duration 
of therapy was 38.5 hours. One patient with ruptured 
membranes and preterm labor at 23 weeks’ gestation 
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was treated with 25 mg orally four times daily until 
delivery at 30 weeks. 

All preterm infants were admitted to an intensive 
care nursery and observed for any evidence of persis- 
tent fetal circulation or prenatal closure of the ductus 
arteriosus. This included clinical assessment, chest x- 
ray examination, and blood gas determination. Renal 
function, coagulation parameters, and biltrubin levels, 
although assessed on an ongoing basis, were also ana- 
lyzed retrospectively from chart review. A chart review 
was used to study outcome in infants whose mothers 
were treated for preterm labor but delivered at term. 
These neonates were admitted to a regular nursery and 
evaluated by an attending pediatrician. Maternal side 
effects, including gastrointestinal and hematologic 
changes and the incidence of postpartum hemorrhage, 
were also analyzed from the chart review. . 

Perinatal mortality consisted of fetal deaths plus neo- 
natal deaths within 28 days. . 


Results 


Delivery was postponed for >72 hours in 132 of 167 
patients (79%). In the group of 35 patients who deliv- 
ered within 72 hours the mean interval between last 
treatment and delivery was 18.6 hours. Delivery was ` 
postponed for >1 week in 112 of 167 cases (67.2%). 
Of these 112 patients, 104 delivered at term and the 
mean interval between last treatment and delivery was 
6.7 weeks. Of the 55 patients who delivered within | 
week, 41 (74.5%) had ruptured membranes. Of the 41 
patients with ruptured membranes, 36 (80%) delivered . 
in 72 hours and five more within l week. Success, de- 
fined as delaying delivery for >1 week, was 64.6% with 
intact membranes versus 8% when amniorrhexis oc- 
curred. The mean gestational age at entry into the 
study was 30.8 weeks compared with a mean gestational 
age at delivery of 35.6 weeks. 

Fig. 1 shows birth weight at delivery related to peri- 
natal outcome. There were two neonatal deaths, giving 
an overall perinatal mortality of 17 per 1000 (1.7%). 
Neither was attributed to any possible adverse effects 
of indomethacin, and both were inpatients who also 
received courses of isoxsuprine. Both patients had as- 
sociated amniorrhexis and one mother was the patient 
who received indomethacin for >6 weeks. Table I sum- 
marizes these two neonatal deaths. 

No cases of persistent feta] circulation, prenatal clo- 
sure of the ductus, or neonatal platelet dysfunction 
were observed. Neonatal complications occurred in — 
38% of preterm deliveries, including cases of respira- 
tory distress syndrome, hypoglycemia, hyperbilirubi- 
nemia, and necrotizing enterocolitis and one case of 
infantile diabetes mellitus, and are shown in Table II. 
There was no correlation between neonatal morbidity 
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Table I. Summary of perinatal deaths 


Birth weight 


Gestational age l 
(em) (wk) Therapy Duration 
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Cause of death 





570 25+ Indomethacin; Vasodilan* 12 hr Respiratory distress syndrome; 
immaturity 
1210 30+ Indomethacin; Vasodilan 6 wk Sepsis; pulmonary hypoplasia 


* Vasodilan (isoxsuprine) given intravenously for 6 hr. 


+ Vasodilan given intravenously at 23+ and 26 weeks for 6-12 hr. 


a 


and the length of the interval between last treatment 
and delivery. No cases of neonatal sepsis were recorded 
in surviving infants. 

Maternal side effects were limited to two patients with 
upper gastrointestinal irritation after oral indometha- 
cin and four who experienced diarrhea after suppos- 
itory administration. Three patients (1.7%) were 
recorded as having postpartum hemorrhage. All deliv- 
ered >4 weeks after receiving indomethacin, which 
would eliminate the drug as a causative factor. 


Comment 


Indomethacin has been reported to be of the same 
level of efficacy as B-mimetics.*"' The only study com- 
paring indomethacin with ritodrine or placebo favored 
indomethacin significantly.° Our study, being retro- 
spective and uncontrolled, cannot address the question 
of tocolytic potential or perinatal outcome. Its sole pur- 
pose is to evaluate the potential adverse fetal effects 
that continue to limit clinical use in North America. 
Persistent fetal circulation and prenatal closure of the 
ductus arteriosus are the two major concerns although 
other side effects could occur. Neither complication was 
observed in our study. 

Persistent fetal circulation is a syndrome of cyanosis 
and cardiopulmonary disturbance which may be pri- 
mary or secondary to perinatal asphyxia or sepsis, me- 
conium aspiration, diaphragmatic hernia, pulmonary 
hypoplasia and, allegedly, prostaglandin synthetase in- 
hibitors. Most cases of persistent fetal circulation as- 
sociated with prostaglandin synthetase inhibitors are 
reported with chronic administration beyond 34 weeks’ 
gestation or with concomitant risk factors for persistent 
fetal circulation such as sepsis or perinatal asphyxia. 
The evidence incriminating indomethacin is imprecise. 
Manchester et al.° reported a possible association be- 
tween maternal indomethacin therapy for 4 days and 
persistent fetal circulation in two neonates. One infant 
had sepsis and both suffered birth asphyxia, which 
makes it difficult to definitely attribute these cases to 
indomethacin exposure. Similar vague case reports de- 
scribe “difficult oxygenation at birth” or symptoms 
consistent with disturbed cardiopulmonary adapta- 
tion” with no confirmatory studies such as echocar- 


Table II. Neonatal complications* 


“- Complication | No. of patients 


Respiratory distress syndrome 22 
Hypoglycemia ) 14 
Necrotizing enterocolitis 5 
Infantile diabetes mellitus ] 
Hyperbilirubinemiat 16 
Thrombocytopenia 0 


*One or more of the complications listed occurred in 27 of 
69 (38%) preterm infants. 


} Defined as a bilirubin level of >170 pmol/L. Three infants 
required exchange transfusion. 


diography. All were neonates prenatally exposed be- 
yond 34 weeks’ gestation with birth weights >2200 gm. 
Prenatal closure of the ductus is a rare condition that 
was observed from 800 perinatal autopsies. One case 
associated with maternal salicylate therapy for 2 weeks 
until delivery at 37 weeks’ gestation has been reported.” 
Case reports of adverse effects following salicylate ther- 
apy cannot be extrapolated to indomethacin. Salicylates 
inhibit prostaglandin synthesis by irreversible inacti- 
vation of the enzyme cyclooxygenase whereas indo- 
methacin does so reversibly. In animals the response of 
the ductus in utero to aspirin differs from response to 
indomethacin. Whereas aspirin causes constriction of 
the ductus in rats at any gestational age, the response 
to indomethacin varies with gestational age.“ Animal 
data suggesting that the ductus arteriosus in the im- 
mature fetus is insensitive to effects of indomethacin” 
are also supported by observations.in human neo- 
nates. A recent study by Klein et al.” indicates that 
indomethacin does not cross the rat placenta signifi- 
cantly until near term. This provides a better expla- 
nation’ than changing sensitivity of the ductus for the 
absence of fetal effects in immature gestation. It was 
assumed that indomethacin freely crossed the placenta 
from animal studies in which the drug was adminis- 
tered in late gestation and its effect on ductus closure 
noted.’ Few studies measure placental transfer directly 
as in Klein’s study, and all were in term pregnancies. 
Studies in humans of placental transfer of indometh- 
acin are rare and also pertain only to term gestation. 
Several moderate size studies® '® supported by avail- 
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able animal data indicate the drug to be safe, contra- 
dicting isolated case reports. Niebyl'® concluded from 
reviewing the literature that a 24-hour course of in- 
domethacin in gestations of <34 weeks minimizes any 


risks and could justify clinical use. Betamethasone is 


used to enhance pulmonary maturity and could have 
possible effects on ductus closure of persistent fetal 
circulation. To our knowledge there have been no re- 
ports of these adverse effects associated with beta- 
methasone administration in pregnancy. Steroids act at 
a higher rate-limiting step to decrease prostaglandin 
synthesis by inhibiting phospholipase Ag. It is difficult 
to see why a 24-hour course of indomethacin (which 
may not cross the placenta in immature gestation) 
should be potentially more harmful than a 24- hour 
course of betamethasone. | 

Neonatal bleeding or renal impairment could poten- 
tially result from tocolytic therapy with indomethacin. 
However, effects of platelet function are more likely 
with aspirin and are probably rare with indomethacin 
because of its reversible action. Bilirubin toxicity from 
drug-induced displacement of bilirubin from binding 
sites on albumin could occur, but short-term use should 
again minimize this risk. The incidence of hyperbili- 
rubinemia in this study did not seem excessive. 

The ease of administration makes indomethacin an 
attractive alternative to B-mimetic therapy. Intravenous 


infusion of a B-agonist requires continuous medical su- ` 


pervision with serial and multiple laboratory tests in an 
intensive care setting. Our study confirms that maternal 
safety with indomethacin therapy is an advantage over 
8-mimetic administration associated with more numer- 
ous, more frequent, and occasionally fatal side effects. 

Our results suggest that short term indomethacin 
used for tocolysis does not adversely affect neonatal 
outcome. The two neonatal deaths in our series were 
not attributable to indomethacin although it is possible 
that the drug masked chorioamnionitis in the ‘anil 
treated for 6 weeks. | 

Indomethacin may be preferable when B-mimetics, 
but not tocolysis, are contraindicated. It should not be 
used in patients with bleeding disorders, renal disease, 
or peptic ulceration. Its antipyretic effect may mask 
chorioamnionitis, necessitating caution in its use if am- 
niorrhexis is present. Limiting its use to early gestation 
when tocolysis is most-appropriate minimizes any po- 
tential hazards. Efficacy and risk/benefit considerations 
seem to justify a prospective randomized comparison 
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of indomethacin to currently approved B-mimetic 
agents. This study could also assess the placental trans- 
fer of indomethacin in human preterm gestation and 
ultimately resolve the issue of fetal toxicity. 
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The association of sexually transmitted diseases with cervical 
intraepithelial neoplasia: A case-control study 


Fernando B. Guijon, M.D., Maria Paraskevas, M.D., and Robert Brunham, M.D. 


Winmpeg, Manitoba, Canada 


Thirty-three women with histologically confirmed cervical intraepithelial neoplasia (grades | to Ill, with one 
case of microinvasive carcinoma) and 54 women without evidence of the disease were prospectively 
studied to determine the relationship of genital infection to cervical neoplasia. Demographic and sexual data 
for patients and control subjects were collected, with standardized clinical and colposcopic evaluation by 
means of predefined diagnostic categories. Cultures from the cervix were examined for herpes simplex 
virus, cytomegalovirus, Chlamydia trachomatis, and Neisseria gonorrhoeae. Human papilloma virus infection 
was identified by characteristic changes of koilocytosis in cytologic or histopathologic specimen. Cultures 
from the vagina were evaluated for Gardnerella vaginalis, Trichomonas vaginalis, Ureaplasma urealyticum, 
Mycoplasma hominis, Candida albicans, and other yeasts. Separate Gram strains were prepared from 
endocervical secretions and from vaginal secretions. More lifetime sexual partners, larger area of 
transformation zone, evidence of human papilloma virus infection, and altered vaginal flora were observed 
in women with cervical intraepithelial neoplasia. The association of human papilloma virus infection and 
altered vaginal flora with cervical intraepithelial neoplasia was independent of sexual experience. (AM J 


OBSTET GYNECOL 1985;151:185-90.) 


Key words: Sexually transmitted diseases, cervical intraepithelial neoplasia, human papilloma 


virus infection, altered vaginal flora 


Cervical intraepithelial neoplasia behaves as a sex- 
ually transmitted disease, for which one or several mi- 
crobial etiologies seem likely.' Exposure to putative mi- 
crobiologic agents during coitus at an early age or 
through multiple sex partners appears to be the key 
biologic event. 

The pathogenesis of cervical neoplasia is best ex- 
plained with a two-hit model: metaplastic epithelium 
at the squamocolumnar junction of the cervix acquires 
the capacity for neoplasia after an “initiating” event. 
The initiator or promoter or both are hypothesized to 
be transmitted through coitus. 

At least eight microbial agents transmissible through 
coitus have been incriminated in cervical neoplasia, i.e., 
Chlamydia trachomatis, Neisseria gonorrhoeae, Gardnerella 
vaginalis, Mycopiasma hominis, Trichomonas vaginalis, her- 
pes simplex virus, cytomegalovirus, and human pap- 
illoma virus. The roles of herpes simplex virus type 2? 
and of human papilloma virus’ in cervical neoplasia 


From the Departmenis of Obstetrics, Gynecology and Reproductive 
Sciences, Pathology, and Medical Microbiology, University of 
Manitoba. 

Supported in part by grants from the Manitoba Medical Service Foun- 
dation, Inc., and the Victoria Hospital Research and Services Fund, 
Inc. 

Presented at the Fertieth Annual Meeting of The Society of Obste- 
tricians and Gynaecologists of Canada, Montreal, Quebec, Canada, 
June 19-23, 1954. 

Reprint requests: F. B. Guyon, M.D., Department of Obstetrics, Gy- 
necology and Reproductive Sciences, 59 Emily St, Winnipeg, 
Manitoba, Canada R3E OW3. 


appear strongest; multiple and possible interacting mi- 
crobial etiologies also appear likely. 

Most etiologic studies of cervical neoplasia to date 
have examined the role of a single or, at best, a few 
microbial agents. Since sexually transmitted diseases 
frequently coexist,’ the association of one agent with 
the diseases does not constitute strong causal evidence 
unless multiple agents are simultaneously studied. 

We conducted a case-control study of women with 
and without cervical intraepithelial neoplasia for the 
prevalence of infection with a variety of sexually trans- 
mitted disease pathogens and for the prevalence of 
bacterial vaginosis and mucopurulent cervicitis to de- 
termine which of these pathogens or clinical syndromes 
is associated with cervical intraepithelial neoplasia. 


Material and methods 


Patient population. Forty-eight women were re- 
ferred to the Colposcopy Clinic, Women’s Hospital, 
Health Sciences Centre, Winnipeg, Manitoba, for col- 
poscopic evaluation because two recent Papanicolaou 
smears’ showed changes consistent with grade I or 
worse. Of these 48 women 33 were confirmed to have 
a cervical intraepithelial neoplasia lesion at enrollment, 
and 15 were found to be free of disease. Thus 33 
women with documented cervical intraepithelial neo- 
plasia lesions are included as case subjects in this study. 

Sixty-one women attending the Family Planning 
Clinic adjacent to the Colposcopy Clinic were evaluated 


185 


186 Guijon, Paraskevas, and Brunham 


Table I. Demographic and behavioral data 


Controls Cases with cervical neoplasia 
(n = 54) (n = 33) 
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Age (yr) (mean + SD) 21.9 + 4.0 
No. of pregnancies (mean + SD) 12+ 14 
Income <$10,000/year (%) 37 (68) 
No. of single women (%) 38 (76) 
No. of smokers (%) 29 (55) 
Lifetime number of sex partners 6.6 + 6.7 
(mean + SD) 
Age (yr) of first intercourse 16.2 + 2.1 


-(mean + SD) 


for a comparison group. This population was felt to be 
a reasonable control group, since they represented sex- 
ually active individuals of approximately the same so- 
cioeconomic group. Women were selected in a nonran- 
dom but nonsystematic manner. Informed consent was 
obtained from these participants after review of the. 
protocol by the Institutional Review Committee of the 
University of Manitoba. Seven (11%) of these 61 women 
‘had cervical intraepithelial neoplasia lesions at the time 
of enrollment (six had grade I lesions and one had a 
grade II lesion). The remaining 54 women were free 
of disease and served as control subjects. 

Clinical evaluation. A standardized history and 
physical examination were performed on each study 
`: participant. Historic information elicited included de- 
- mographic data, obstetric history, sexual history, age of 
- first intercourse, lifetime numbers of sexual partners, 
and years of sexual activity. 


The. vulva was inspected for evidence of genital ul- ~ 


ceration and condyloma acuminata. Following insertion 
of the lubricant-free vaginal speculum, the appearance 
of vagina secretions was noted. Vaginal fluid pH was 
measured by means of pH strips (color pHast, pH 4.0 
to 7.0, MCB Reagents, Gibbstown, New Jersev), and a 
sample of secretions was collected for the amine odor. 
test and for wet-mount microscopy. If a strong “fishy” 
odor was volatilized on mixing of vaginal fluid with 10% 
potassium hydroxide, the amine odor test was said to 
be positive. Under wet-mount microscopy motile tricho- 
monads, clue cells, and pseudohyphae of yeast were 
sought. Bacterial vaginosis (nonspecific vaginitis) was 


said to be present if three or more of the following four . 


criteria were present: thin adherent homogenous vag- 
inal discharge, pH 24.7, positive amine odor test, or 
clue cells. i 

The cervix was exposed and a Papanicolaou smear 
. obtained. A cotton-tipped swab was inserted into the 
endocervical canal, and the presence of yellow secre- 
tions on the swab tip defined mucopus. A Gram stain 
of endocervical secretions was then prepared. Colpos- 
copy was performed with a Zeiss colposcope, and find- 
ings were recorded according to the nomenclature 
adopted at the Second World Congress of Colposcopy 


97.0 + 12.1 0.035 
98+ 25 0.001 
96 (79) 0.3 
90 (61) 0.05 
22 (70) 0.17 
15.6 + 23.7 0.04 
15.4 + 3.5 0.23 


_in Graz, Austria, in 1975.° The cervix was examined 


with a green filter to determine the presence or absence 


- of atypical vessels. Then 3% acetic acid solution was 


applied to the cervix to remove excess mucus and ac- 
centuate differences between normal and abnormal 
colposcopic patterns. During colposcopy special em- 
phasis was given to the topography and color of the 
epithelial surfaces and the underlying vascular archi- 
tecture. Colposcopically directed biopsies were taken 
when indicated. l 
Microbiologic methods. Cultures for the following 
organisms were obtained: Chlamydia trachomatis, Neis- 
seria gonorrhoeae, Gardnerella vaginalis, Mycoplasma 
hominis, Ureaplasma urealyticum, Trichomonas vaginalis, 
Candida albicans, herpes simplex virus, and cytomega- 


lovirus. Type III Calgiswabs were used to collect serial 


specimens from the endocervix and vaginal secretions. 

C. trachomatis was isolated in Hela 229 tissue culture. 
From 4% to 72 hours after infection, inclusions were 
identified by immunofluorescence by the use of a mono- 
clonal. antibody to a species antigen of C. trachomatis. N., 
gonorrhoeae was identified on a Thayer-Martin/choco- 
late split plate. After 48 hours’ incubation at 36° C in 
a carbon dioxide candle extinction jar, N. gonorrhoeae 
was identified by its Gram stain morphology and by a 
positive oxidase reaction and was confirmed by sugar 
utilizatian tests. A swab of vaginal secretions was used 
for isolation of G. vaginalis on human blood bilayer 
Columbia agar plate containing amphotericin (2 mg/ 
ml), colistin, and nalidixic acid. Plates were incubated 
in 5% carbon dioxide at 37° C and read at 48 and 72 
hours. B-Hemolytic small white colonies containing 
pleomorphic gram-variable rods that were catalase neg- 
ative and fermented starch were identified as G. vagt- 
nalis. U. urealyticum and M. hominis were identified from 
swab cultures of vaginal secretions. Swabs were used to 


inoculate A-7 and M agar and T and M-10 broth. Plates 


were incubated in a carbon dioxide jar at 37° C for up 
to 5 days and broths were incubated anaerobically at 
37° C. Plates were first examined at 48 hours for typical 
colonial morphology. M. hominis was recognized by its 
“fried egg” appearance. U. urealyticum was identified by 
its small colony size and brown color on A-7 medium 
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Table Il. Bacterial vaginosis 
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Vaginal pH (mean + SD) 4.66 + 0.51 4.81 + 0.41 0.15 
Bacterial vaginosis smear (%) 15 (29) 14 (45) 0.1 
Lactobacilli predominant (%) 26 (50) 10 (33) 0.09 
Vaginal flora 
Grade I 32 10 
Grade II 18 O 14 
Grade ITI I 6 0.01 
Table III. Colposcopic findings | 
a : Cases with cervical 
. Controls neoplasia p 
Columnar epithelium (mean + SD) 15.8 + 8.5 (n = 50) 10.0 + 4.6 (n = 29) 0.00] 
Transformation zone (mean + SD) 24.9 + 8.3 {n = 50) 30.0 + 6.6 {n = 33) 0.0003 
Atypical transformation zone n = 50 n= 33 
White epithelium and/or keratosis (%) 6 (12) 22 (67) 0.000] 
Mosaic and/or punctation (%) 1 (2) 10 (30) 0.0001 
Atypical vessels (%) 0 (0) 1 (3) 
Any atypical transformation zone (%) 7 (14) 33 (100) 0.0001 


Table IV. Microbiology of cervix 





Controls 


Human papilloma virus 2/54 
Chlamydia trechomatis 7/54 
Neisseria gonorrhoeae 0/54 
Herpes simplex virus 1/53 
Cytomegalovirus 2/52 


(indicating ammonia production from urea utilization). 
Swab cultures of vaginal secretions were used to inoc- 
ulate Sabouraud’s media for isolation of C. albicans. 
Identification of all yeast was based on API strip re- 
actions. Swabs of vaginal secretions were used to in- 
oculate modified Diamond’s media containing horse 
serum, yeast extract, maltose, cysteine, ascorbic acid, 
and 1000 units/ml of penicillin G, 500 mg/ml of strep- 
tomycin, and.2 mg/ml of amphotericin. Cultures-were 
incubated aerobically at 37° G and evaluated micro- 
scopically at 48 to 72 hours and 6 to 7 days for motile 
trichomonads. Swab cultures from the cervix were 
stored in viral transport media and used to inoculate 
human foreskin fibroblasts for isolation of herpes sim- 
plex virus and cytomegalovirus. These viruses were 
identified by their typical cytopathogenic effect. 

Gram stains of endocervical secretions and of vaginal 
secretions were separately obtained. Endocervical ‘se- 
cretion was examined for the number of polymorpho- 
nuclear leukocytes per oil immersion field (Xx 1000) and 
categorized as <10 or >10 polymorphonuclear leu- 
kocytes per X 1000 as a mean of five fields. Vaginal 
secretions were examined for the predominant flora 


Cases with cervical 
neoplasia 







15/33 45 0.0001 
5/33 15 0.95 
1/32 3 0.19 
1/32 3.] 0.71 
2/30 6.7 0.57 


and classified as follows: grade I if only gram-positive 
rods characteristic of lactobacilli were seen; grade II if 
gram-positive or gram-variable rods, gram-negative 
rods, and gram-positive cocci were seen; grade III if 
only gram-negative rods or cocci were seen. A smear 
compatible with bacterial vaginosis (nonspecific vagi- 
nitis) was noted if bacterial morphotypes suggestive of 
G. vaginalis (short gram-negative or variable rods) to- _ 
gether with gram-negative rods and/or gram-positive 
cocci were seen. 

Cytopathologic studies 

Cytology. Papanicolaou smears were obtained by a 
combined method of swabbing of the endocervical 
canal with a cotton swab and scraping of the squamo- 


columnar junction of the cervical epithelium with a 


wooden spatula. Specimens were mixed on one side of 
a glass slide and fixed with a spray fixative. On arrival 
to the cytopathology laboratory at the Health Sciences 
Centre, smears were stained by the standard Papani- 
colaou method. Smears were classified by standard cri- 
teria into normal, benign atypia (inflammatory, repar- 
ative), or dysplastic atypia. The degree of atypia (slight, 
moderate, severe, cardinoma in situ, or suggestive of 
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Table V. Microbiology of vagina 





Gardnerella vaginalis 18/54 
Ureaplasma urealyticum 30/53 
' Mycoplasma hominis 13/52 
Trichomonas vaginalis 1/52 
Candida albicans 8/51 
Other yeast 4/50 


Table VI. Association of human papilloma 
virus with cervical neoplasia after stratification 
‘by sexual experience 


No. with human 
papilloma virus . 
Cases with 
Controls 





cervical 


No. of lifetime hoes 
neo 


sexual partners 






l-4 1/27 8/15 0.0007 
- 5-9 1/11 0/3 — 
=]0 0/15 5/13 0.03 


invasion) was based on the degree of nuclear and cy- 
toplasmic changes. ` 

Histopathology. Cervical tissue was fixed in 10% phos- 
phate-buffered formalin, processed and blocked in 
paraffin, and sectioned at a 4 to 5 um thickness. These 
. sections were then stained with hematoxylin and eosin 
and, when necessary, by periodic acid—Schiff reaction 
with or without diastase. The degree of cervical in- 
traepithelial neoplasia was graded as slight dysplasia 
(grade I), moderate dysplasia (grade II), severe dys- 
plasia or carcinoma in situ (grade III). The presence 
or absence of microinvasion was noted. 

Since human papilloma virus cannot be cultivated 
in vitro, we accepted as minimum evidence of its pres- 
ence the appearance of koulocytosis in either or both 
cytologic smears or biopsy. In addition to koilocytosis, 
dyskeratosis and basal cell hyperplasia were commonly 
seen in specimens labeled as human papilloma virus.’ 

Data analysts. Two-tailed Student’s ¢ test was used for 
comparison of mean, and x’ test or one-tailed Fisher's 
exact test was used for comparison of proportions 
where appropriate.’ 


Results 

Demographic data. Referred women with cervical 
intraepithelial neoplasia were older (27.0 + 12.8 vs. 
21.9 + 4.0, p = 0.035) and more often not single (61% 
vs. 76%, p = 0.05) than were control women. Both 
groups were of comparable socioeconomic status (Table 
I). Contrel women had significantly fewer pregnancies 


` 


l Cases with cervical 
Controls neoplasia 


January 15, 1985 
Am J Obstet Gynecol 






15/32 47 0.2] 
15/3] 48 0.47 
11/30 37 0.26 
1/32 3 0.73 
3/31 10 0.44 
2/30 7 0.83 


than case women (1.2 + 1.4 vs. 2.8 + 2.5, p = 0.001), 
which was an expected difference, since controls rep- 
resented women attending for contraceptive advice. 
Cases and controls did not significantly differ at the 
age of initiation of sexual intercourse (15.4 + 3.5 vs. 
16.2 + 2.1, p = 0.23); however, cases had significantly 
more lifetime sexual partners (15.6 + 23.7) than did 
controls (6.6 + 6.7, p < 0.04) (Table I). 

Clinical data. No cases or controls had vulvar con- 
dyloma acuminata or genital ulcers detected at the time 
of enrollment. Bacterial vaginosis was present in 45% 
of cases and 29% of controls (p = 0.1). Mean vaginal 
pH was 4.81 + 0.41 in cases and 4.66 + 0.51 in con- 
trols (p = 0.15) (Table IT). Cervical mucopus was iden- 
tied in 14% of controls and 13% of cases. Cervical 
mucus contained #10 polymorphonuclear leukocytes 
per X 1000 field in 20% of controls and in 39% of cases. 


None of these differences were significant, and thus 


neither bacterial vaginosis nor mocupurulent cervicitis 
were found significantly more often in cases than in 
controls. Although mucopus was not associated with 
cervical intraepithelial neoplasia, it was highly sugges- 
tive of C. trachomatis infection, since six of 15 women 
with C. trachomatis recovered had mucopus versus eight 
of 87 women who were culture negative (p = 0.0005). 

Colposcopic findings. The area of the cervix occu- 
pied by the transformation zone was estimated as a 
percentage of the total area of the portio in cases and 
controls. The transformation zone was significantly 
larger among cases than controls (30.0% + 6.6% vs. 
24.9% + 8.3%, p = 0.0003). 

As expected, colposcopic changes were highly sug- 
gestive of cervical intraepithelial neoplasia, since 67% 
of cases versus 12% of controls had white epithelium 
and/or keratosis observed (p < 0.0001). Similarly, 30% 
of the cases versus 2% of the controls had mosaicism 
and/or punctation (p < 0.0001). Atypical vessels were 
found in one case of grade III cervical intraepithe- 
lial neoplasia. All cases had an atypical transformation 
zone compared to 14% of the controls (p < 0.001) (Ta- 
ble III). l 

Colposcopic changes were also useful in predicting 
human papilloma virus infection. Colposcopic findings 
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Table VII. Association of vaginal flora types with cervical aid asa after stratification - sexual experience 





No. of lifetime 





madee OO a [| w 
1-4 20 6 
5-9 4 4 
210 7 8 


Vaginal flora Vaginal flora 


ca oS be 






6 6 2 0.04 
I 2 0 0.06 
3 6 4 0.03 





suggestive of human papilloma virus were white. shiny 
lesions with an irregular surface and no characteristic 
vascular pattern.’ In 17 patients with human papilloma 
virus diagnosed by biopsy and/or cytology, the colpo- 
scopic findings suggested this diagnosis in 15 (sensitivity 
of 88%). Of 71 patients without cytologic and/or biopsy 
evidence of human papilloma virus, 55 lacked colpo- 
scopic evidence of the infection (specificity of 77%). 
Thus the predictive-value of positive colposcopic find- 
ings for human papilloma virus was 48% and predictive 
value of negative findings was 96%. 

Microbiologic data 

Cervix. C. trachomatis was the most frequently recov- 
ered pathogen from the cervix, having been isolated 
from 13% of controls and 15% of cases. N. gonorrhoeae, 
herpes simplex virus, and cytomegalovirus were all re- 
covered less frequently. There were no significant dif- 
ferences between groups in the prevalence of infection 
with any of these agents. Although not diagnosed by 
conventional microbiologic methods, human papilloma 
virus was seen in pathologic specimens significantly 
more often in cases (45%) than in controls (4%, 
p < 0.0001) (Table IV). 

Vagina. The isolation rates for G. vaginalis, U. urea- 
lyticum, M. hominis, T. vaginalis, C. albicans, and other 
yeast found in the vagina were not statistically signifi- 
cantly different between cases and controls (Table V). 

Relationship between cervical intraepithelial neo- 
plasia and vaginal flora as assessed by Gram stain. 
Vaginal flora was graded according to criteria defined 
in section on methods; 33 of 52 controls and 11 of 31 
cervical intraepithelial neoplasia cases had a grade | 
flora (p < 0.01), whereas grade 3 vaginal flora was pres- 
ent in one of the 52 controls and six of 31 cervical 
intraepithelial neoplasia cases (p < 0.02) (see Table II). 
Flora with predominant lactobacilli was present in 26 


of 52.controls and 10 of 31 cervical intraepithelial neo-' 


plasia cases (p = 0.09). Gram stain of vaginal secretions 
was suggestive of bacterial vaginosis in 15 of 52 controls 
and 14 of 31 cases (p = 0.1). Thus vaginal flora was 
significantly different between cases and controls, and 
this difference could not be entirely explained by a an 
increased prevalence of bacterial vaginosis. 

Association between cervical intraepithelial neoplasia and 
human papilloma virus infection and vaginal flora types after 


stratification by sexual experience. Since women with cer- 
vical intraepithelial neoplasia were more sexually ex- 
perienced than women in the control group and since 
the disease pathogens studied are sexually transmitted, 
a causal association between cervical intraepithelial neo- 
plasia and a pathogen would be strengthened if the 
association were independent of sexual experience. 
Women were stratified by sexual experience into three 
groups: those with | to 4 lifetime sexual partners, those 
with 5 to 9, and those with 10 or more (Tables VI and 
VII). Both human papilloma virus infection and altered 
vaginal flora remained significantly associated with cer- 
vical intraepithelial neoplasia independent of sexual ex- 
perience. 


Comment 


The significant findings of this study are that these 
women with cervical intraepithelial neoplasia had (1) 
more sexual partners, (2) a larger transformation zone, 
(3) a higher prevalence of human papilloma virus in- 
fection, and (4) an alteration in vaginal flora more often 
than controls, Gases and controls were comparable in 
terms of socioeconomic status, and age at first sexual 
intercourse, but they significantly differed in terms of 
age, gravidity, and marital status. 

Our observation that women with cervical neoplasia 
have significantly larger numbers of lifetime sexual 
partners confirms what has been reported before’ and 
underscores the important influence of sexual behavior 
as a risk factor for cervical intraepithelial neoplasia. All 
of our cases were sexually active. 

Aside from possessing distinctive features of the 
transformation zone which suggested neoplasia, our 
cases also had a significantly larger overall area of the 
transformation zone. This is of particular interest, since 
it is within the transformation zone that the dysplastic 
process arises. The presence of a larger transformation 
may be a risk factor for cervical neoplasia, since this 
could provide a larger “targét area” for an initiator or 
promoter to act. Whether women with a larger area of 
transformation zone are at an increased risk of cervical 
intraepithelial neoplasia will require prospective study 


„in a larger population in order to be confirmed. 


Although we examined cases and controls for a va- 
riety of sexually transmitted pathogens, only human 
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`- papilloma virus was found to be present significantly 
more commonly in cases than in controls, This asso- 
ciation was independent of sexual behavior. This find- 
. ing adds further support to the growing body of evi- 
dence that links epithelial neoplasia with papilloma 
virus infection. It is important to point out that we 
diagnosed papilloma virus infection entirely by its cy- 

` topathic effect. Since we know neither the sensitivity 
. nor the specificity of this effect, we may be underdi- 

` agnosing or overdiagnosing its presence. Improved de- 
tection of human papilloma virus infection must await 
the availability of suitable human papilloma virus-DNA 
: probes for in situ hybridization. 

It is noteworthy that C. trachomatis was isolated com- 
monly (13% to 15%) from cases and controls and was 
isolated approximately six times more frequently than 

N. gonorrhoeae. Although previous studies have sug- 
l gested that C. trachomatis is isolated more frequently 
- from women with cervical intraepithelial neoplasia and 
that atypical changes are commonly seen in women with 
_ chlamydial infection," no association of C. trachomatis 
infection with cervical intraepithelial neoplasia was 
found despite a high prevalence of infection in our 
"patient population. An important limitation in our 
study design is that we sought current infection. What 
. may be more important in a disease such as cervical 

intraepithelial neoplasia, which can take years to evolve, 
_ may be infection history. Prior exposure to herpes sim- 
_ plex virus, cytomegalovirus and C. trachomatis may be 
_ best assessed by serologic tests that have yet to be done 
on this sample of women. 

Finally, we found that the distribution of vaginal flora 
types as assessed by Gram stain was significantly dif- 
‘ferent in cases and controls. Grade I vaginal smears 
. demonstrated a homogenous gram-positive Hora and 
were found in 69% of the controls and 33% of the cases 
(p = 0.01), whereas a heterogenous bacterial morpho- 
type flora was seen significantly more often in cases 
(67%) than in controls (31%, p = 0.01). The heterog- 
enous flora was usually but not exclusively typical of 
that seen with bacterial vaginosis. Bacterial vaginosis 
was seen more commonly in cases (45%) than controls 
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(29%), but this was not statistically significant (p = 0.1). 
Grade III smears that demonstrated exclusively gram- 
negative organisms (cocci, rods) without morphotypes 
typical of G. vaginalis were seen almost exclusively in 
cases; the bacteria associated with these flora patterns 
have yet to be defined, and thus this association needs 
to be cautiously interpreted. However, the association 
of altered vaginal microbial flora and human papilloma | 
virus with cervical intraepithelial neoplasia suggests 
that a synergistic interaction between this altered flora 
and human papilloma virus could result in cervical in- 
traepithelial neoplasia as has been hypothesized for hu- 
man papilloma virus and herpes simplex virus.” 
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A prospective study of blood pressure in pregnancy: 


of preeclampsia 


Prediction 


J. M. Moutquin, M.D., C. Rainville, R.N., L. Giroux, Ph.D., P. Raynauld, M.D., 


G. Amyot, M.D., R. Bilodeau, M.D., and N. Pelland, R.N. 


Montreal, Quebec, Canada 


A prospective study of blood pressure recording was conducted in 1000 patients, at each antenatal visit, 
with the use of an automatic random-zero sphygmomanometer. In 46 patients, among 808 primigravid 
women, who developed preeclampsia, the diastolic and mean blood pressures were significantly elevated 
compared to values at the first antenatal visit (0 < 0.01, 9 to 12 weeks). This difference was sustained 
throughout pregnancy until delivery by at least 10 mm Hg as compared to pressures in the normotensive 
group. Sensitivity for predicting preeclampsia early in pregnancy with an elevated blood pressure 
measurement (130 to 135/80 to 85 mm Hg) ranged from 16% to 57% while specificity ranged from 75% to 
98%. The results substantiate an early vasospasm (9 to 12 weeks) in those women destined to Ree 


preeclampsia. (AM J OBSTET GYNECOL 1985;151:191-6.) 


Key words: Pregnancy-induced hypertension, chronic hypertension, prediction of 


preeclampsia 


Several blood pressure studies during the antenatal 
period have showed a decrease in blood pressure be- 
tween 16 and 20 weeks.’ Gallery et al.” demonstrated 
that pregnancy-induced hypertension could be pre- 
dicted by a significant increase in blood pressure as 
early as 17 to 20 weeks. This significant difference was 
observed with a standardized random-zero sphygmo- 
manometer but was not apparent with the usual sphyg- 
momanometer.” However, the sample size of that study 
was small and there was no discrimination between pri- 
migravid women, who are more prone to preeclampsia, 


‘and multiparous women, in which chronic hyperten- 


sion is more prevalent. Recently, another group’ 
showed that a mean arterial blood pressure of 90 mm 
Hg or more between 18 and 26 weeks was predictive 
of preeclampsia. 

In a preliminary study* on 366 pregnant women, we 
observed a similar decrease of blood pressure from 13 
to 21 weeks, in systolic and diastolic blood pressure in 
women who remained normotensive throughout preg- 
nancy, together with a significant rise in systolic and 
diastolic pressure as early as 13 to 16 weeks in 14 pri- 
migravid women who later developed preeclampsia. 
More observations were needed to confirm these find- 
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ings, not only to show the constancy of the differences 
but also to establish whether preeclampsia could be 
predicted accurately with a marker, such as one blood 
pressure recording, early in pregnancy. Similar studies 


were also carried out with the mean blood pressure. 


Material and methods 

Population. Blood pressure was recorded in 1000 
consecutive pregnancies, at each antenatal visit until 
delivery and at the postpartum visit, between Novem- 


-ber, 1979, and April, 1984. These women were cared 


for by a group of three private obstetricians and no 
intervention was suggested for any blood pressure 
reading. Seventeen patients were excluded (nine twin ' 
pregnancies and eight women who were not delivered 
at the institution). Thus the results included 983 women 
(808 primigravid, 175 multiparous) with a singleton 
pregnancy who were delivered at Notre-Dame Hospi- 
tal. More than 7800 blood pressure recordings (in du- 
plicate) were analyzed. Mean maternal age was 25.5 + 
4.4 years (+SD). Mean gestational age at delivery was 
39.4 + 1.7 weeks (+SD). The cesarean section rate 
was 14.8%. | 

Methods. Arterial blood pressure was taken from the 
right arm with the patient in a sitting position, after a 


minimum of 5 minutes of rest. This measure was taken 


twice at an interval of 2 minutes. If a discrepancy oc- 
curred between the two readings, then blood pressure 
was taken again until similar readings were observed 
(difference of <5 mm Hg). Then the last two record- 


_ ings were kept for analysis. A nurse was responsible for 


the procedure and for daily calibration of the sphyg- 
momanometer. 3 
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Fig. 1. Averaged systolic and diastolic arterial pressures (+ 1 SD) in primigravid women who remained 
normotensive throughout pregnancy {(o——0o) and in those who developed preeclampsia (e——e) . 


by periods of 4 weeks. 


Table I. Incidence of hypertensive complications at delivery in primigravid and multiparous women 


Primigravia women 


No. of patients 803 — 
Gestational hypertension 15 1.9 
Preeclampsia-eclampsia l 
Mild, moderate 42 5.2 
Severe I — 
Eclampsia , J — 
Hepatic* 2 — 
Total 45 l — 
Chronic. hypertension | 
Without preeclampsia 31 3.8 
With preeclampsia 6 — 
Total 37 4.5 


*Hepatocellular damage evidenced by altered biochemical 


The apparatus was an automatic random-zero sphyg- 
momanometer with digital display (Dinamap 845*) 
which is based on the oscillometric principle (same prin- 
ciple as the usual sphygmomanometer). One advantage 
of this apparatus is its proficiency to decrease acoustic 
and physical artifacts. The diastolic reading corre- 
_sponded to phase IV of Korotkoff sounds. The accu- 
racy of blood pressure measurement was validated by 
the obtaining of similar values (in the range of 160 mm 
Hg systolic to 50 mm Hg diastolic) of intra-arterial ra- 
dial pressure during surgical procedures. Mean arterial 
pressure was calculated according to the formula: Sys- 


*Bionetics, California. 


Multiparous women Total 


175 ~ 983 =- 
5 ~- 20 2.0 

I 2 43 m 

2 m 3 a 

0) - ] n 

0 aes 9 a 
3 = 49 5.0 
21 12.0 52 5.3 
2: oe 8 ~ 
23 ~ 60 6.1 


tests, thrombocytopenia, and jaundice. 


tolic blood pressure plus twice diastolic blood pres- 
sure/3,° . 

Data were stored at the calculus center of the Uni- 
versity of Montreal and analyzed with the Statistical 
Package for the Social Sciences. Comparisons between 
differences were analyzed with the unpaired t test,” 
while sensitivity, specificity, and predictive values were 
assessed by the method of Vecchio.® 


Results 


The perinatal mortality rate was 4.1/1000 births. 
There were two stillbirths and two neonatal deaths (one 
due to congenital cardiopathy) thus providing a cor- 
rected perinatal mortality rate of 3.1/1000 births. 
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Fig. 2. Averaged systolic and diastolic arterial pressures (+1 SD) in multiparous women who re- 
mained normotensive throughout pregnancy (o—o0) and in those who developed chronic hyper- 
tension (™———m) by periods of 4 weeks. 
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Fig. 3. Averaged mean arterial blood pressures (+1 SE) in women who remained normotensive 
throughout pregnancy (0—o), in women who developed preeclampsia (e——e), and in women 
~ who developed hypertension (#——1m) by periods of 4 weeks. 


ES 


Hypertensive complications are illustrated in Table 
I. Gestational hypertension was diagnosed when hy- 
pertension alone (#140/90 mm Hg) occurred after 20 
weeks and disappeared at the postpartum visit. The 
diagnosis of preeclampsia was ascertained by the pres- 
ence of hypertension 140/90 mm Hg on two occasions 
6 hours apart, edema (>] kg/wk) or proteinuria (Al- 


bustix 1+) on two occasions 6 hours apart after 20 
weeks, elevated serum urate levels (4.6 mg/dl or more), 
and a blood pressure of <120/80 mm Hg at 6 weeks 
post partum. Chronic hypertension was defined by a 
prepregnancy personal history of hypertension or per- 
sistence of hypertension 6 weeks post partum. 
Averaged systolic and diastolic blood pressures 
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Table II. Sensitivity, specificity, and positive and negative predictive values (percentages) of recordings of 
= 130 and 135 mm Hg systolic blood pressure as predictors of preeclampsia 

























Positive Negative 
Weeks’ predictive predictive 
gestation Sensitivity Specificity value value 
130 mm Hg 
9-12 46.2 75.4 12.5 94.9 
13-16 57.6 81.2 16.0 95.9 
17-20 . 43.3 85.3 15.1 - 96.1 
21-24 41.2 86.2 14.9 96.2 
25-28 42.1 82.7 13.1 95.8 
135 mm Hg 
9-12 30.8 87.1 15.4 94.3 
13-16 42.4 90.2 22 96.2 
17-20 18.9 93.5 14.9 95.0 
21-24 29.4 92.8 19.2 95.7 
25-28 28.9 91.4 17.2 i 95.4 


_ Table III. Sensitivity, specificity, and positive and negative predictive values (percentages) of recordings of 
_ 80 and 85 mm Hg diastolic blood pressure as predictors of preeclampsia 










Positive 
predictive 


Negative 
predictive 







Weeks’ 












gestation Sensitivity Specificity value value 
80 mm Hg 
9-12 46.2 84.2 18.2 95.4 
13-16 45.5 89.8 21.7 96.4 
17-20 32.4 © 940 17.9 95.7 
21-24 38.2 . i 93.4 25.5 96.3 
25-28 44.7 oly 25:0 96.4 
85 mm Hg ; 
9-12 30.8 93.0 25.0 94.6 
13-16 30.3 96.6 35.7 95.7 
- 17-20 16.2 - 97.4 27.3 95.1 
21-24 20.2 97.9 36.3 95.5 
25-28 18.4 98.0 36.8 95.1 
_ (SD) by 4-week periods in the group of normotensive tients showed significant increases in both women with 
nulliparous women were compared to the blood pres- eventual preeclampsia and those with chronic hyper- 
sures in the group of nulliparous women who later- tension compared to the normotensive group (p < 
developed preeclampsia (Fig. 1). From 13 weeks on- 0.05, 9 to 12 weeks, preeclampsia; p < 0.001, all other 
ward, a significant difference in systolic pressure was periods of pregnancy; Fig. 3). The difference in ex- 
observed between the two groups; the increase ranged cess of mean blood pressure was 10 mm Hg in patients 
from 7 to 22 mm Hg in the group destined to develop with eventual preeclampsia and 16 to 20 mm Hg in 
preeclampsia (p < 0.001, Fig. 1). From the first ante- patients with chronic hypertension as compared to 
_ natal visit (9 to 12 weeks), the diastolic pressure was the normotensive patients at any period of pregnancy 
consistently more elevated in patients eventually de- _— (Fig. 3). 
veloping preeclampsia; elevations ranged from 7 mm Although significant differences in blood pressure 
Hg (p < 0.01, at-9 to 12 weeks) to 10 to 15 mm Hg were clearly established in the group of women with 
until delivery (p < 0.001, Fig. 1). eventual preeclampsia, such a prediction needed to be 
In the multiparous women, averaged systolic and di- substantiated in individual patients. Clinical markers of 
astolic blood pressures (+SD) showed, as expected, a easy access to identify early in pregnancy those patients 
significant increase of about 20 mm Hg systolic and 15 who will develop preeclampsia are yet to be found. 
to 17 mm Hg diastolic throughout pregnancy in women Single values of blood: pressure (systolic, diastolic, 
with chronic hypertension compared to normotensive mean) were tested as potential predictors of preeclamp- 
multiparous women (p < 0.001, Fig. 2). l sia in the first five periods of observations (9 to 12, 13 
Comparisons of mean arterial pressures (+ SE} be- to 16, 17 to 20, 21 to 24, and 25 to 28 weeks); these 
tween patients eventually developing preeclampsia, pa- values were examined with the method of Vecchio.® 


tients with chronic hypertension, and normotensive pa- With a systolic value of 130 mm Hg, the sensitivity 
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Table IV. Sensitivity, specificity, and positive and negative predictive values (percentages) of mean blood 
pressures of 85 and 90 mm Hg as predictors of preeclampsia - 























Positive Negative 
Weeks’ predictive predictive 
gestation Sensitivity Specificity value value 





85 mm Hg 
9-12 84.6 38.6 9.5 97.1 
13-16 = 81.8 43.2 8.2 97.5 
17-20 86.5 50.4 9.5 98.4 
21-24 85.3 49.7 9.0 98.3 
25-28 86.8 48.9 9.5 98.4 
90 mm Hz 
9-12 61.5 62.0 11.0 95.5 
13-16 69.7 66.4 11.4 97.3 
17-20 67.6 75.4 14.2 97.5 
21-24 55.9 78.1 13.0 96.8 
25-28 71.1 739 14.4 97.6 
was around 50% and specificity was about 80%. Ata >. between 16 and 20 weeks.? Such a fall, coincident with 
value of 135 mm Hg, the number of eventually pre- increasing cardiac output and blood volume, illustrates 
- eclamptic patients who exhibited such systolic pressure a lowering of systemic vascular resistance in normoten- 
was small (18% to 42%) while as few as 6.5% to 12.9% sive women. This study also confirms the increase of 
of women who remained normotensive had such sys- blood, pressure in those women destined to develop 
tolic pressure (Table I). The positive predictive value preeclampsia. However, recording from the first an- 
for 130 and 135 mm Hg was rather low, as expected, ` tenatal visit has demonstrated for the first time a sig- 
because only 5% of the population studied had the nificant increase in diastolic pressure as early as 9 to 12 
disease; conversely, the negative predictive value was weeks rather than at 17 to 20 weeks.” This latter ob- 
94% to 96% (Table II) because the fraction of the pop- servation suggests a potential to identify from the first 
ulation not having preeclampsia was large.’ antenatal visit, in the first trimester, those women des- 
When diastolic values were examined as predictors tined to develop preeclampsia with a mean diastolic 
of preeclampsia, sensitivity was between 38% and 46% blood pressure value of as low as 77 mm Hg or with a 
at 80 mm Hg and specificity ranged from 84% to 98% mean arterial blood pressure of 93 mm Hg. In addition, 
at 80 and 85 mm Hg (Table III). Here again positive this finding may be of some help for the clinician so 
and negative predictive values yielded percentages sim- that a particular pregnancy may be observed more 
ilar to those with systolic pressure (Table IHI). The mean closely and other tests may be carried out to confirm 
arterial pressure showed an improved sensitivity (82% future preeclampsia.’ More important, the increase in 
to 87%) with a value of only 85 mm Hg but specificity diastolic blood pressure suggests, for the first time, an 
was <50% in most instances (Table IV). Specificity in- early vasospasm at 9 to 12 weeks. Such patients did not 
creased somewhat at a value of 90 mm Hg but the have chronic hypertension because the blood pressure 
sensitivity was then decreased because several eventu- was < 140/90 mm Hg before 20 weeks, the well-defined 
ally preeclamptic women did not have a mean blood criteria of preeclampsia were present, the blood pres- 
pressure of 290 mm Hg before 29 weeks (Table IV). sure returned to normal at 6 weeks postpartum, and 
| also because the reported incidence of preeclampsia of 
Comment 5% in this study was not different from the incidence 
A cohort of private patients with non—high-risk preg- of preeclampsia in our institution. Such an early va-- 
nancies yielded 5% preeclampsia and 6% chronic hy- sospasm favors early vascular pathophysiologic changes 
pertension. This incidence of chronic hypertension is because of the presence of the conceptus in the first 
a reflection of a rather older population (up to 40 years trimester. 
of age). However, the frequency of superimposed pre- Another. objective was to identify predictors of pre- 
eclampsia was only 16% in primigravid women and eclampsia from a cohort of pregnant women. Single 
13% in the total sample, which is less than the reported values of systolic, diastolic, and mean arterial pressures 
frequency of 20% to 40% for this complication. were tested to ascertain their potential as markers for 
The fall in systolic and diastolic blood pressures future preeclampsia. 
between 13 and 25 weeks in both primigravid and The sensitivity and specificity for diastolic values of 
multiparous women confirmed results in previous re- 80 and 85 mm Hg were not different from those of 
ports,’’* but a larger sample size permitted us to extend previous preliminary reports.* The rather poor sensi- 


this fall during the entire second trimester rather than tivity suggests that the systemic manifestation of vaso- 
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spasm does not appear at the same period in every 
woman eventually developing preeclampsia and that its 
expression is not necessarily evident at rest, in a sitting 
‘position. The specificity, -however, increases with in- 
creasing values of both systolic and diastolic blood pres- 


sures. Percentages of specificity are similar to those 


previously reported.* Predictive positive values were 
higher in a preliminary report* than in the present 
study; this can be attributed to the larger sample size.’ 
With the mean arterial pressure, the sensitivity and 
specificity approached those reported by others.* How- 
ever, the predictive positive value was less in the present 
study because the sample size was larger than the 85 
patients reported by Oney and Kaulhausen.’ 


From this information, clinical evaluation of blood | 


pressure with an automatic random-zero sphvgmo- 
manometer will identify a subgroup of patients at po- 
tentially high risk of developing preeclampsia. Con- 
currently, a diastolic blood pressure <85 mm Hg as 
early as 9 to 12 weeks has a 95% chance to predict 
normotension throughout pregnancy. Only 2% of 
women with that diastolic blood pressure in the second 
trimester will develop preeclampsia; this enables the 
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identification of the low-risk group in a cohort of preg- 
nant women. 
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Severe hypertension poses immediate and potentially lethal maternal risks. Prompt reduction in blood 
pressure should be an urgent priority, with concomitant anticonvulsant therapy. Previous reports confirm 
intravenous diazoxide to be an effective agent. Concern exists over adverse reactions associated with 
bolus injection of the standard 300 mg dose. Many physicians are unaware that diazoxide may be given in 
increments. This study describes the use of diazoxide in 34 patients with severe preeclampsia. They 
received minibolus injections of 30 mg every 1 to 2 minutes. The maximum dose required was 150 mg 
and no maternal hypotension occurred. Maternal side effects were minimal and no cases of fetal distress 
occurred; a perinatal mortality was zero. It appears that minibolus diazoxide rapidly lowers maternal 

blood pressure without the adverse effects described wiih a standard bolus dose. Its advantages are 
contrasted with the limitations of conventional hydralazine therapy. (Am J OssTET GYNECOL 1985; 
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Severe preeclampsia or pregnancy-induced hyper- 
tension should be considered as a form of malignant 
(accelerated) hypertension. In previously normotensive 
patients rapidly progressive hypertension can cause 
vascular damage and hypertensive encephalopathy at 


_ lower blood pressures than in chronic hypertensive pa- 
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tients. In preeclampsia prompt reduction of blood pres- 
sure is essential to minimize vascular injury and prevent 
cerebrovascular hemorrhage, which is the leading cause 
of maternal death in eclampsia. The specific therapy 
for acute hypertension in pregnancy, however, is still 
controversial. Many physicians avoid using antihyper- 
tensive agents even in severe pregnancy-induced hy- 
pertension and rely on anticonvulsant drugs, such as 
magnesium sulfate, that have no significant hypotensive 
effect. 

Placental ischemia and generalized vasoconstriction 
are prominent pathophysiologic features of pregnancy- 
induced hypertension. Theoretically, peripheral vaso- 
dilator drugs are the ideal agents to lower blood pres- 
sure, and intravenous hydralazine is widely used in the 
treatment of severe preeclampsia. Diazoxide, another 
potent vasodilator, was thought to be effective only 
when administered rapidly as a 300 mg intravenous 
bolus. Reports of fetal distress'* and maternal death* * 
from profound hypotension have curtailed its use in 
obstetrics. Redman’ found that giving the drug in small 
30 mg increments to pregnant patients was effective in 
lowering blood pressure. Other reports confirm the 
finding that by using a smaller dose’ or by giving it in 
a slow intravenous infusion? the blood pressure can be 
lowered without the precipitate hypotension that may 
complicate the standard bolus dose. This study de- 
scribes the efficacy and safety of minibolus diazoxide 
in 34 patients with severe pregnancy-induced hyper- 
tension. Results suggest that it is a useful agent and its 
advantages over conventional hydralazine therapy are 
discussed. 


Patients and methods 


Thirty-four patients with a blood pressure >160/1 15 
mm Hg or a mean arterial pressure >130 torr were 
admitted to the study. No patients, including eight with 
preexisting mild essential hypertension, were receiving 
antihypertensive medication. Thirty-two (94.1%) were 
in the gestational range of 27 to 34 weeks of gestation 
and the remainder were at term. _ 

All patients received 5 gm of magnesium sulfate by 
intravenous injection shortly after admission. Anticon- 
vulsant therapy was maintained by intravenous infusion 
of 2 gm/hr. Magnesium levels were measured every 2 
to 4 hours and the rate of infusion was adjusted to 
maintain blaod levels in the range of 2 to 2.8 mmol/L. 
Blood pressure readings were monitored continuously 
by a cardiac monitor.* Minibolus diazoxide, 30 mg 
given intravenously for a period of 30 to 60 seconds, 
was administered every 1 to 2 minutes until diastolic 


*Siemens Sirecust 400 Series, Model No. 404, Iselin, New 
Jersey. 
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levels <90 torr were obtained. Blood pressure readings 
were recorded from the cardiac monitor every 5 min- 
utes for 30 minutes and thereafter every 15 minutes. 

Maternal hemoglobin, hematocrit, electrolytes, uric: 
acid, glucose, blood urea nitrogen, and creatinine levels 
were determined prior to and 1 hour after diazoxide 
treatment, and measurements were repeated every 6 
hours for 24 hours. Platelet counts, serum fibrogen, 
prothrombin, and partial thromboplastin time were 
measured before treatment, and measurements were 
repeated every 6 hours. Real-time ultrasound scans 
were performed to confirm fetal presentation, assess 
amniotic fuid volume, and rule out congenital anom- 
alies. Continuous electronic fetal heart rate (FHR) 
monitoring was instituted with an external technique 
on a Corometrics 112 fetal monitor. Urine output was 
measured on an hourly basis and maternal fluid ther- 
apy was adjusted according to central venous pressure 
readings. Neonatology consultations were obtained and 
the route of delivery was chosen on the basis of obstetric 
factors. Induction of labor with intravenous oxytocin 
was started in four patients. All neonates were trans- 
ferred to an intensive care nursery. Cord blood and 
neonatal] samples were analyzed for electrolytes, plasma 
glucose, hemoglobin, platelet, blood gases, and biliru- 
bin levels. 

The mean and SD were calculated for each variable. 
Differences for each parameter were evaluated by a 
paired t test at p < 0.02. 


Results 


The average dose required to attain a mean arterial 
pressure of <95 torr was 120 mg (range, 90 to 150 mg). 
This effect was observed in all 34 patients within 5 to 
10 minutes. No excessive hypotension occurred since 
the lowest blood pressure recorded was 105/70 mm Hg 
(mean arterial pressure approximately 80 torr). The 
mean duration of effect was 4.8 + 3.7 hours. One pa- 
tient required a second treatment in 1 hour and three 
others prior to delivery. All patients were delivered 
within 6 hours (mean, 3.2). The cesarean section rate 
was 88.2%. : 

Fourteen of 34 patients experienced nausea or vom- 
iting during initial magnesium sulfate injection, but 
these effects were not noted during or after diazoxide 
therapy. There were no significant changes in coagu- 
lation parameters, blood urea nitrogen, or uric acid 
levels within 24 hours after treatment. Pretreatment 
plasma urate levels were elevated in all patients (range, 
410 to 608 pmol/L). Mean hematocrit values showed a 
decrease from 0.43 to 0.39 but were not statistically 
significant.. The mean plasma glucose level rose from 
4.6 + 1.1 to 5.8 + 1.8 mmol/L and the plasma sodium 
level increased slightly from a mean of 135 + 5.1 to 
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- Table I. Infant population according to birth 
- weight 


Birth weight (gm) | No. of infants 


500-999 l 
1000-1499 9 
1500-1999 19 
2000-2499 re 

>2500 3 


Table II. Neonatal complications* 


Rate 
No. of cases (%} 


Complication 
Respiratory distress syndrome 14 41.1 
Hypoglycemia 8 23.5 
Necrotizing enterocolitis 1 2.9 
Hyperbilirubinemia . 6 17.6 . 
Hyperkalemia J 2.9 


*Fifteen (44%) of 34 neonates had one or more of the above 
complications. 


138.5 + 6.8 mmol/L. Neither difference was statisti- 
cally significant. Serum creatinine levels showed a sig- 
nificant but reversible change from a mean of 98 + 35 
_ to 130 + 37.8 mmol/L (p = 0.02). There were no in- 
stances of fetal distress (bradycardia or late decelera- 
tions). Intermittent variable decelerations were noted 
in 16 patients, 13 of whom were assessed by ultrasound 
as having severe oligohydramnios. Decreased. FHR 
variability was noted in eight (23.5%) of 34 tracings, all 
~ in patients of a gestational age <31 weeks. 

Table I summarizes the infant population distributed 
according to birth weight. No perinatal deaths oc- 
curred, but neonatal complications were observed in 
44.1% of infants including cases of respiratory distress 
syndrome, hypoglycemia, necrotizing enterocolitis, hy- 
perbilirubinemia, and hyperkalemia. Neonatal hyper- 
. glycemia previously described with maternal diazoxide 
therapy was not noted in our series since the mean 
glucose level was 3.1 mmol/L. Eight infants had hy- 
poglycemia attributable to extreme prematurity and 
none had a glucose level >5 mmol/L. No cases of neo- 
natal hemorrhage or thrombocytopenia were recorded. 
Six infants had bilirubin levels >170 pmol/L and three 
received exchange transfusions. The study design did 
not allow for any evaluation of increased hyperbiliru- 
binemia (because of displacement of bilirubin from al- 
' bumin by diazoxide) but the observed incidence did not 
seem excessive. Table II lists the neonatal complications 
in the entire group. 

Cord blood gas values of four infants showed a pH 
<7.2. All were interpreted as having respiratory aci- 
dosis on the basis of studies of base excess and Pco. 
levels. These four infants were from the group of 13 
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infants with severe oligohydramnios and variable de- 
celerations in the FHR tracings. Thirty of 34 infants 
had a cord blood pH >’7.2. | 

Ten neonates had 1-minute Apgar scores of <7 in- 
cluding six with scores <5 at | minute. Five infants had 
5-minute Apgar scores of <7 but none showed any 
evidence of metabolic acidosis from cord blood gas 
analysis. 


Comment 

Severe pregnancy-induced hypertension poses im- 
mediate and potentially lethal maternal risks. Prompt 
reduction of blood pressure.should be an equal and 


concomitant priority with anticonvulsant therapy. Con- 


siderable evidence justifies the urgency for immediate 
lowering of the blood pressure. In experimental ani- 
mals acute hypertension produces segmental necrotiz- 
ing arteriolitis at a mean arterial pressure >130 torr. 
The striking observation is the speed at which vascular 
damage occurs, being noted in 10 minutes and becom- 
ing extensive within 1 hour.’ The malignant phase of 
hypertension may be due solely to this injury,’ al- 
though humoral factors could also be contributory." 
Pressure-forced dilatation of arterioles results in a loss 
of autoregulatory tone. Disturbed autoregulation of the 
cerebral circulation causes hypertensive encephalopa- 
thy and retinopathy. Severe pregnancy-induced hy- 
pertension and eclampsia demonstrate many of the fea- 
tures of malignant hypertension, although there are 
differences. The liver is a special target organ for the 
preeclamptic process, and cerebral edema is not a no- 
table autopsy feature of eclampsia. The intimal hyper- 
trophy of arteries observed in malignant hypertension 
is not evident in preeclampsia, yet the retinal arterioles 
demonstrate the alternating segments of constriction 
and dilatation typical of hypertensive injury. 

In chronically hypertensive patients autoregulation 
of higher pressures is maintained because of gradual 
structural adaptation in the vessels. This protects them 
from cerebral injury at high pressures. Previously nor- 
motensive individuals have not experienced adaptation 
in this manner and have a lower threshold for forced 
vascular dilatation. Rapid increases in blood pressure 
may result in hypertensive encephalopathy or vascular 
damage at lower pressures. Hence the magnitude of 
blood pressure elevation is less useful than the recog- 
nition of the clinical syndrome. Conversely the shift in 
the autoregulation curve toward higher pressures 
„means that patients with chronic hypertension do not 
tolerate lower perfusion pressures. Symptoms of ce- 
rebral hypoperfusion and cardiac or renal sequelae 
may develop if blood pressure is lowered either too 
rapidly or to normal levels. However, most patients with 
acute severe pregnancy-induced hypertension require 
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urgent lowering of blood pressure, which may be car- 
ried out with minimal risk of harmful effects. 

Diazoxide is both a potent peripheral vasodilator with 
immediate onset of action and a uterine relaxant. It is 
rapidly and extensively bound to serum proteins 
(>90%) and was thought to be effective only when ad- 
ministered by rapid injection of a 300 mg dose. The 
arteriolar receptor is unknown and the known phar- 
macokinetic characteristics do not explain why small 
doses given slowly are effective. Furthermore, the hy- 
potensive action (up to 12 hours) often outlasts the brief 
period of high concentrations of the free drug. It may 
be that the binding to the arteriolar receptor is slowly 
reversible. The physiologic half-life of 3 to 12 hours 
also differs considerably from its biologic half-life of 
28 + 8.3 hours. | 

Finnerty’ advocated the use of diazoxide in 1961 and 
reported his experience in 400 preeclamptic patients 
in 1971. Morris et al.’ also concluded that the drug was 
a useful agent for the treatment of severe pregnancy- 
induced hypertension. Nevertheless, reports of serious 
maternal and fetal side effects have limited its use in 
obstetrics. Renal failure, myocardial infarction, and 
several maternal deaths have been reported.*” Anginal 
syndromes, symptoms of cerebral ischemia, hypoten- 
sion,” and death in nonpregnant patients have also 
been described.* The occurrence of fetal bradycardia 
and fetal distress associated with severe maternal hy- 
potension after diazoxide injection is cited as a reason 
prohibiting its use in pregnancy.’ All of these reports 
concern the 300 mg intravenous bolus given either sin- 
gly or in combination with diuretics or other antihy- 
pertensive agents.. 

Redman*® described the use of the drug in small in- 
crements in 1977. Other reports of use of a smaller, 
150 mg dose’ and slow intravenous infusion of 15 mg/ 
min? indicate significant efficacy without excessive fall 
in blood pressure. Results from our study confirm these 
findings and suggest further there are no harmful fetal 
or neonatal effects associated with minibolus adminis- 
tration. The drug does cross the placenta but is rapidly 
cleared from the fetus. Necrosis of the fetal pancreas 
has been described in animals in a study in which the 
doses used were several times higher than that used 
clinically." In our study, as in others, glucose values in 
neonates showed no elevation.’® © Prolonged use of 
diazoxide in human pregnancy causes no deleterious 
neonatal effects except for hypertrichosis, alopecia, and 
decreased bone age.’® | 

Case reports in the literature of late decelerations 
occurring after the administration of diazoxide were 
associated with severe maternal hypotension.. Animal 
data obtained by measuring uterine blood flow showed 
conflicting results in response to diazoxide injection. 
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Studies demonstrating a decrease found that it occurs 
only after excessive hypotension develops” whereas an- 
other study showed no decrease in uteroplacental blood 
fiow.® Moreover, changes in uterine blood flow do not 
necessarily correlate with changes in placental perfu- 
sion. The absence of abnormal FHR tracings in our 
study would contradict that any significant reduction 
in placental flow occurs. The decreased FHR variability 
in eight tracings could be explained by fetal immaturity 
as subsequent cord blood pH showed no cases of met- 
abolic acidosis. The respiratory acidosis in four infants 
at birth was consistent with cord compression and vari- 
able decelerations. 

Maternal hyperglycemia and sodium and water re- 
tention described with diazoxide therapy would seem 
from our results to be minimal after minibolus admin- 
istration. The decreased protein concentration in preg- 
nancy yields higher free-drug levels and lower amounts 
of protein-bound agent. This may explain why smaller 
doses given slowly lower BP with minimal side effects. 
It is known that the large amount of drug in the bound 
fraction may account for some of the toxic effects seen 
after high dosage or chronic administration. 

The conventional approach to reducing BP in severe 
pregnancy-induced hypertension utilizes hydralazine. 
A 20 mg intravenous injection usually has an onset of 
action of 15 to 20 minutes but may be delayed for 30 
to 40 minutes. When the drug is given by intravenous 
drip this delay is more likely and could be extremely 
hazardous to the patient with malignant hypertension. 
Most patients are already receiving intravenous infu- 
sions of magnesium sulfate and diazoxide therapy ob- 
viates the need for additional intravenous line. Hy- 
dralazine is also not compatible with dextrose solutions. 
It is not a uterine relaxant and studies measuring its 
effect on uterine blood flow have shown conflicting 
data. Hydralazine is metabolized by acetylation in the 
liver. The level of N-acetyl-transferase is genetically de- 
termined. Five percent of the population have de- 
creased levels of the enzyme and these patients with 
slow acetylation will show an exaggerated response to 
the standard intravenous dose. Tachycardia, although 
rarely seen with diazoxide, is more common and trou- 
blesome with hydralazine. Headache, nausea, and vom- 
iting cloud the clinical evaluation for impending 
eclampsia. 

It appears that minibolus diazoxide rapidly lowers 
maternal blood pressure without the adverse effects 
described with a standard bolus dose. Diazoxide in any 
regimen should not be administered with diuretics or 
other antihypertensive agents. Binding to albumin 
may displace phenytoin and complicate its use in epi- 
leptic patients. Minibolus diazoxide provides an al- 
ternative to conventional hydralazine therapy for hy- 
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pertensive crises such as severe pregnancy-induced 
hypertension. 
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Accepted Worldwide— 


Now in America 


Triphasil is the triphasic you've heard about 
—the one that has already achieved widespread 
acceptance and extensive use throughout the world. 
To date, the Triphasil regimen has achieved over 
100 million cycles of experience worldwide. 


Lower Estrogen, Lower Progestogen 


New Triphasil provides the lowest total hormonal dose ever 
in a combination O C. Total estrogen dose is the lowest among all phasic 
products. Progestogen level is at least 38.9% lower than any other OC. 
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21- and 28-day regimens 


e first triphasic OC to give 


No significant impact 
on lipid levels shown in 
o- and 18-month studies 


wo separate 6-month studies demonstrate 
inimal impact on lipid levels; no statistically 
Significant changes were observed in HDL, 
DL, total cholesterol or triglycerides.'* This 
S further supported by a separate 18-month 
prospective study in which 85 non-smoking 
omen under the age of 35 were equally 
divided among 4 oral contraceptive formula- 
ions. With Triphasil, no statistically significant 
hanges in total or HDL cholesterol occurred.’ 
n this study, slight increases in triglycerides, 
hich peaked at cycle 9, declined in subse- 
quent cycles. 
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igure 1: Monthly HDL cholesterol, triglycerides and total 
holesterol levels for Triphasil over an 18-month period. 
Adapted from Briggs.*) 


No significant impact 
on blood pressure means 
shown in 24-month study 


In clinical trials over 2 years, Triphasil had no 
significant impact on blood pressure means. 
As shown in Figure 2, a high degree of stability 
was maintained with Triphasil compared to 
baseline.’ 


on therapy 
A= == = A baseline 


Diastolic 70 


60 
Months | 5 ) 2 18 21 24 


No.of Pairs 1109 2,338 1,634 1,138 830 482 367 267 


Figure 2: Blood pressure mean levels during treatment and 
baseline— systolic and diastolic. 
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No significant impact on 
carbohydrate metabolism 
in 18-month study 


Results at 6, 12, and 18 months demonstrate 
Triphasil has little influence on carbohydrate 
metabolism. Glucose tolerance and insulin lev- 
els generally remain within normal clinical 
limits. Figure 3 shows glucose tolerance test 
results from a study of 85 non-smoking 
women under the age of 35 who were equally 
divided among 4 oral contraceptive formu- 
lations. Blood samples were taken before 
Triphasil and at treatment cycles 6, 12, and 18. 
Findings at 18 months were not plotted 
because they were comparable to 12-month 
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Figure 3: Oral glucose tolerance test resulta; Pretre 
during treatment cycles 6 and | le 
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The more natural phasing of both estrogen 
and progestogen in new Triphasil provides 
oral contraception that is characterized by a 
low incidence of breakthrough bleeding and 
minimal complaints of other minor side 
effects. This is demonstrated in extensive mul- 
ticenter clinical trials spanning more than 
three years.’ 
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Unique Dosage Regimen: Starts on 
Her Day 1 


New Triphasil gives oral contraception a simple new 
start—dose 1 begins on her day 1. For the first cycle 
she'll take the first tablet on her first day of bleeding— 
eliminating the confusion of counting days or waiting 
for Sunday. It’s easy for her to remember... 

and for you to explain. 


No Need for “Back-Up” Contraception 
During the First Cycle 
When Used as Directed 


Unlike oral contraceptives which utilize a Sunday-start regimen, 
with Triphasil no additional protection was used during 
Clinical studies in 3,546 women, and no pregnancies occurred 
during the first cycle. In worldwide post-marketing experience, 
there has been only one first cycle pregnancy reported in the literature.‘ 
For dosage and administration, please refer to brief summary. 


Day 1 Start— 
In Tune with Her Timing 


Day 1 start means she starts on a day established by HER OWN 
biology, not by a calendar or package. 
Elegant Compact—Discreet, 


Functional and Reusable 


To keep it simple, New Triphasil has a new package—a discreet, easy-to-follow 
reusable compact she'll feel comfortable with from day 1. 
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IN BRIEF: 

TRIPHASIL *—6 brown tablets containing 0.050 mg levonorgestrel with 0.036 mg ethinyl estradiol; 5 white tablets 
containing 0.075 mg levonorgestrel with 0.040 mg ethinyl estradiol, 10 fight-yellow tablets containing 0.125 mg 
levonorgestrel with 0.030 mg ethinyl estradiol {7 light-green tablets containing inert ingredients are included in the 
28-day regimen)— Triphasic regimen. i 

Indications and Usage-——TRIPHASIL* is indicated for the prevention of pregnancy in women who elect to use oral 
contraceptives {OC's} as a method of contraception. 

Contraindications—OC's shouid not be used in women with any of the following conditions. 1. Thrombophlebitis 
or thromboembolic disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 

3. Cerebrai-vascuiar or coronary-artery disease. 4. Known or suspected carcinoma of the breast. 5 Known or Sus- 
pected estragen-dependent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy 
(see Warning No. 5). 8. Benign or malignant fiver tumor which developed during use of OC's or other estrogen- 
containing products. 

Warnings 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contraceptive use. 
This risk increases with age and with heavy smoking (15 or more cigareties per day) and is quite marked 
~ — over 35 years of age. Women who use oral contraceptives should be strongly advised not 

o smoke. 


The use of oral contraceptives is associated with increased (sk of several serious conditions, :nciuding 
thromboembolism, stroke. myocardial infarction. hepatic adenoma, galibladder disease, hypertension. 
Practitioners prescribing oral contraceptives should be familiar with the following information relating to 
these risks. 


t. Thromboembolic Disorders and Other Vascular Problems~—An increased sk of thromboembolic and thrombotic 
disease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U.S. 

have demonstrated increased risk of fatal and nonfatal vanous thromboembolism and stroke. Doth hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 

CEREBROVASCULAR DISORDERS—in a collaborative American study of cerebrovascular disorders In women with 
and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION (Mi}—An increased risk of Mi associated with the use of OC's nas been reported. 
confirming a previously Suspected association. These studies, conducted in the UK. found. as expected. that the 
greater the number of underlying risk factors for coronary-artery disease (cigarette smoking. hypertension, hyper- 
cholesterolemia. obesity, diabetes. history of pre-eclamptic toxemia) the higher the risk of developing MI. regardiess 
ot whether the patient was an OC user or not. OC's, however, were found to be a clear additional risk factor. In terms 
of relative risk, it has been estimated that OC users who do not smoke (smoking i considered a major predisposing 
condition to Mi) are about twice as tikety to have a fatal Mi as nonusers who do not smoke OC users who are aiso 
smokers have about a 5-foid increased risk of fatal Mi compared to users whe do not smoke. but about a 1st, 12- 
fold increased risk compared to nonusers who do not smoke. Furthermore. amount of smoking ts also an iff 
factor, in determining importance of these relative risks. however, baseline rates for various age groups mu toe 
given serious consideration importance of other predisposing conditions mentioned above in determining rel 
and absolute risks has not as yet been quantified; quite likely the same synergistic action exists. Dut perhaps tő 
lesser extent. 

RISK OF DOSE~in.an analysis of data derived from several national adverse-reaction reporting systems. Britis 
investigators concluded that risk of thromboembolism. including coronary thrombosis. is directly related to dose 
of estrogen in OC's. Preparations containing 100 meg or more of estrogen were associated with higher risk of 
thromboembolism than those containing 50-80 mcg. Their analysis did suggest. however. that quantity of estroge: 
may not be the sote factor involved. This finding has been confirmed in the US. 
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yé  Repatic adenoma is rare. it should be considered in women 
presenting abdominal pain and tenderGess, al fal mass or shock. A few cases of hepatocellular carcinoma 
have been reported in women on OC's “Relationship of these drugs to this type of malignancy is not known. 

5 Use in or Immediately Preceding Pregnancy, Birth Detects in Offspring, and Malignancy m Female Offspring— 
Use of femaie sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. it has been shown that females exposed in utere to diethyistiibestroi, a nonsteroidal estrogen, 
have increased risk of developing in iater life a form of vaginal or cervical cancer ordinarily extremely rare. This risk 
has been estimated to be of the order of 1 in 1.000 exposures or less. Although there 1s no evidence now that OC's 
further enhance risk of developing this type of malignancy, such patierts shouid be monitored with particular care f 
they elect to use OC's. Furthermore, 30 to 90% cf such exposed women have been found to have epithelial changes 
of the vagina and cervix. Although these changes are histologically benign. itis not known whether this condition is 
a precursor of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital tract. 
Although similar data are not available with use of other estrogens. it cannot be presumed they wouid not induce 
similar changes. An increased risk of congenital anomalies, including heart defects and hmb detects. has been 
reported with use of sex hormones, including OC's, in pregnancy. One case-control ae, estimated a 4.7-fold 
increase in risk of imb-reduction defects in infants exposed in utero to sex hormones (OC's. hormonal withdrawal 



























tests for pregnancy, or attempted treatment for threatened abortion). Some exposures involved only a few days. 
Data suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 tive births. In 
the past. female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective tor these indications, gnd there is no evidence 
from well-controlled studies that progestogen are effective. There is some evidence that tripioidy and possibly other 
pes of polypicidy are increased among abortuses from women who become pfegaant-sedn alter ceasing OC s 
mbryos with these anomalies are virtually always aborted spontaneously. WRS There iS an overall increase in 
spontaneous abortion of oe conceived soon after stopping OC's is gnkhows. 
any patient who has missed 2 consecutive periods. pregnancy shouid be rui 
patient has not adhered te the prescribed schedule. the possibility of pregnat 
missed period, and further use of OC's should be withheld unt pregnancy hag Ge 
confirmed. the patient shouid be apprised of the potential risks to the fetus. af ad 
pregnancy shouid be discussed. It 1s aiso recommended that women who disgOAb 
pregnant use an alternate form of contraception for a period of time before attemng 
recommend 3 months. although no precise information is available on which tof 
progestagen-estragen combinations to induce withdrawal bleeding shouid not 98 u 
6. Gallbladder Disease—Studies report increased risk of Surgically confirmed gait 
and estrogens in one study, increased risk appeared after 2 years use and doubit 
the other Studies. increased msk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has bë 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients srg 
on OC's. Increases in triglycerides and total phospholipids have been observed in pat 
were performed with Triphasil and no significant alterations in lipid metabolism were Aal 
increase in triglyceride levels in 1 study. Clinical significance of these findings remains] 
8. Elevated Blood Pressure—increase in biood pressure has been reported in patients a7 
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{st year Age s also strongly correlated with development of hypertension in OC users. Women, 
had Hi deat ater during pregnancy may be more likely to develop elevation of blood pressu On 
sion that develops as a result of taking OC's usually returns to normal after discontinuing the drug. 
9 Headache—Onset or exacerbation of migraine or development of headache of a new pattern ¥ 


10 Bleeding ‘rreguiarities—Breakthrough bieeding. spotting 
discontinuing OC's. in breakthrough bleeding, as in all cases 
should be borne in mind. in undiagnosed persistent or rec 
diagnostic measures are indicated to rule out pregnancy otm 
change to another OC may soive the problem. Changing to a8 
useful in minsmizing menstrual irregularity, should be done QF 
thramboambolic disease. Women with past history of oligone 
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evels may be depressed by OC's. Since the Pregnan woman i$ predisposed to development of 

nd incidence of folate deficiency increases with increasing gestation. tis possible that ifa woman 
t shorty after stopping OC's. she may have a greater chance of developing folate deficiency and 
buted to this deficiency. 

Shiduid be advised of OC therapy when relevant specimens are submitted. 

+ and liver-function tests and blood components may be affected by estrogen-contamning OC's. 
ophthalen retention. 
increased prothrombin and tactors Vil, VIH, IX. and X. decreased antithrombin 3: increased norepinephrine- 
























_ iiduced platelet aggregability. 


TR 


5. increased thyroid-binding P (TBG} leading to increased circulating totat-thyroid hormone. as Measured by 

Protein-bound iodine (PBI). T4 by column. or T4 by radioimmunoassay. Free T3 resin uptake is decreased. reflecting 

the elevated TBG: free T4 concentration is unaltered. 

d. Decreased pregnanediol excretion. 

e. Reduced response to metyrapone test 

Information for the Patient—See Patient Package Labeling. 

Drug interactions—Reduced efficacy and increased incidence of breakthrough bleeding have been associated with 

concomitant use of rifampin A similar association has been suggested with barbiturates. phenylbutazone. phenytoin 

sodium, ampicillin and tetracycine. 

Carcinogenesis—-See Warnings section for information on carcinogenesis. 

Pregaancy—Category X. See Contraindications. Warnings. 

Nursing Mothers—See Warnings. 

Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's (see 

Warnings}: thrombophlebitis. pulmonary embolism, coronary thrombosis. cerebral thrombosis, cerebral hemor- 

hage, hypertension, galibiadder disease. benign di ound congenital anomalies. There is evidence of an asso- 

‘iation between the following conditions and use of OC's although additional confirmatory studies are needed: 

Resenteric thrombosis. neuro-ocular lesions. e.g.. retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients on OC's and are believed to be drug-related. Nauseg 

andor vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients 
jAng the first cycle. Other reactions. as a genera! rule, are seen much less frequently or only occasionally. 

estinal symptoms {such as abdominal! cramps and bloating}, breakthrough Bleeding, spotting, change in 

me ak iow; dysmenorrhea. amenorrhea during and after treatment, temporary infertility after discontinuance af 

treatmert. edema: chicasma cr melasma which may persist: breast changes: tenderness, enlargement. and secre- 

tion; change in weight (increase or decrease}; change in cervical erosion and cervical secretion: possible diminution 

in factation when given immediately postpartum: cholestatic jaundice, migraine: increase in size of uterine leiomy- 

omata; rash (allergic): mental depression: reduced tolerance to carbohydrates, vaginal candidiasis. change in 

corneal curvature {steepening), intolerance to contact lenses. The foilowing adverse reactions have been reported in 

users of OC's. and the association has been neither confirmed nor refuted: premenstrual-fike syndrome, cataracts, 

changes in libido, chorea, changes in appetite. cystitis-like syndrome, headache. nervousness. dizziness, hirsu- 

tism, loss of scalp hair, erythema multiforme. erythema nodosum, hemorrhagic eruption, vaginitis, porphyria. 

Acute Overdose- Serious ill effects have not been reported following acute ingestion of large doses of OC's by 

young children. Overdosage may cause nausea. and withdrawal bleeding may occur in femaies. 

Dosage and Administration—For maximum contraceptive effectiveness. Triphasi must be taken exactly as directed 

and at intervals not over 24 hours. (If Triphasil is first taken iater than first day of first menstrual cycle of medication 

or postpartum, contraceptive reliance should not be placed on it until after the first 7 consecutive days of use. a 

Possibiity of ovulation and conception prior to initiation of medication should be considered. } 

Anytime patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another contraceptive 

method until she has taken a tablet daily tor 7 consecutive days. 

For fuli details on dosage and administration see prescribing information in package insert. 
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The treatment of grade 3 cervical intraepithelial neoplasia with 
cryotherapy: An 11-year experience 


S. C. Peter Bryson, M.D., P. Lenehan, M.D., and G. M. Lickrish, M.B., Ch.B. 


Torcnto, Ontario, Canada 


The results of treatment of 453 patients with grade 3 cervical intraepithelial neoplasia by cryotherapy are 
presented. After excluding 31 patients who were lost to follow-up, the failure rate of primary treatment 

in the remaining 422 patients was 7.1% (30 patients). Outpatient re-treatment of those with persistent 
disease achieved an overall cure rate of 98%. Statistical analysis to determine prognostic significance with 
regard to persistent disease was carried out on the following variables: grade, size, and type of freeze. 
Type of freeze was the only variable to show statistical significance. Cryotherapy remains an effective 
outpatient modality for the treatment of grade 3 cervical neoplasia. A rigid protocol of patient selection and 
meticulous cryotherapy technique play a large role in obtaining the high cure rates reported in this study. 


(Am J OBSTET GYNECOL 1985;151:201-6.) 


Key words: Cervical intraepithelial neoplasia, cryotherapy, colposcopy 


Many papers have appeared since 1970 which review 
the treatment of cervical intraepithelial neoplasia with 
cryotherapy and laser techniques. Methods of patient 
evaluation, cryotherapy technique, and follow-up pro- 
tocols have been outlined and standardized. Failure 
rates have been reported, reasons for these failures 
have been discussed, and alterations in patient evalu- 
ation and cryotherapy technique have been suggested 
and borne cut in practice in an attempt to reduce the 
number of freeze failures.’ ) 

Of particular concern, however, is grade 3 cervical 
intraepithelial neoplasia. There is a suspiciously wide 
range of cryotherapy failure rates for grade 3 cervical 
intraepithelial neoplasia in the literature at the present 
time, e.g., from 8% to 9% (Benedet et al.”) to 38.8% 
(Ostergard*). A more detailed examination of this lit- 
erature is found in Table I. 

In this paper we report the results of an 11-year 
prospective trial of colposcopy, colposcopically directed 
biopsies, cryotherapy, and cytologic and histologic fol- 
low-up in 453 patients with grade 3 cervical intraepi- 
thelial neoplasia. In doing so, we wish to argue for the 
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efficacy of this form of treatment for this lesion despite 
the recommendation that cryosurgery is no longer an 
appropriate or effective treatment for grade 3 cervical 
intraepithelial neoplasia.” 


Material and methods 


From January, 1972, to December, 1982, patients re- 
ferred with an abnormal Papanicolaou smear were seen 
and evaluated at the abnormal cytology unit at Toronto 
General Hospital. At the initial visit a complete gyne- 
cologic and epidemologic history was obtained and a 
gynecologic examination performed. Cytologic testing, 
colposcopy, colposcopically directed biopsies, and pel- 
vic examination were carried out on all patients. En- 
docervical curettage was carried out selectively on pa- 
tients in whom endocervical disease could not be ruled 
out on colposcopic and endocervical speculum exami- 
nation. Patiėnts in whom the cervical intraepithelial 
neoplasia lesion was entirely visible on the neoplastic 
ectocervix and who had a negative endocervical spec- 
ulum examination were not subjected to routine en- 
docervical curettage in most cases. Treatment planning 
was done when the histologic diagnosis was confirmed. 
All biopsies were reviewed by Dr. D. W. Thompson, 
Department of Pathology, Toronto General Hospital. 
Patients with biopsy-proven severe dysplasia or carci- 
noma in situ were selected for cryotherapy and in- 
cluded in the study only if they met the following 


` criteria: (1) entire lesion on the cervix was seen, (2) 


endocervical curettage was negative, (3) patient was not 
pregnant, (4) patient had not been exposed to dieth- 
ylstilbestrol, (5) microinvasion or invasion was ruled 
out, (6) patient was interested in future childbearing, 
and (7) patient was reliable for close follow-up. 
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Table I. The treatment of grade 3 cervical intraepithelial neoplasia with cryotherapy 


Authors 


Townsend and Ostergard 197] 
‘Tredway 1972 
Creasman et al. 1973 
DiSata, Townsend, and Morrow 1974 
Creasman and Parker 1975 
Gray and Christopherson 1975 
Lickrish and Fortier 1977 
Popkin 1978 
Kaufman 1978 
Walton 1980 
Ostergard 1980 
Hemmingsson 198] 
Wright 1981 
Javameri 1981 
Benedet 1981 
Peckham 1982 
Stuart 1982 
Townsend and Richart 1983 
Van Lent 1983 
Creasman 1983 
Present study 1984 


Failure rate (%) 


SD 43 11.8 
CIS 19 10 
CIN 3 49 30.6 
CIN 3 48 31.2 
SD 107 9.3 
CIS 59 12 
SD 88 27 
CIS 91 16 
SD (only) 10 20 
SD 55 3.6 
CIS 53 17 
SD 44 4 
CIS 31 9 
SD 98 17.3 
CIS 28 21.4 
CIN 3 ` 95 31.6 
SD 28 7.1 
CIS 18 38.8 
CIS (only) 130 18 
CIN 3 44 25 
SD 45 16 
CIS 15 15.3 
SD 136 9 
CIS 229 8 
SD 108 6.5 
CIS 35 20 
SD 60 18 
CIS 4 9 
CIN 3 53 10 
CIN 3 102 7 
CIN 3 259 17. 
CIN 3 422 7.1 


*SD, Severe dysplasia; CIS, carcinoma in situ; CIN 3, grade 3 cervical intraepithelial neoplasia. 


Cryotherapy was always performed within 2 months 
of treatment planning. Cryotherapy was done as an 
outpatient procedure, and no analgesia or anesthesia 
was necessary in most patients. Repeat colposcopy was 
done immediately prior to freezing in order to again 
record the margins of the transformation zone and the 
size of the lesion. Lesion sizes were divided between 
those occupying up to one quadrant (=25% of the 
transformation zone) and those occupying greater than 
one quadrant. The Ohio Medical cryotherapy unit, with 
nitrous oxide as the refrigerant, was used with one of 
five different probes chosen according to the anatomic 
configuration of the cervix and the location and size of 
the lesion. The operating temperature of the probe was 
—75° C, and the pressure gauge was continuously 
checked to ensure adequate pressure with each freeze. 
A double freeze was performed in most patients. The 
cervix was frozen for 3 to 4 minutes, allowed to thaw 
for 5 to 7 minutes, then refrozen for a further 3 min- 
utes. A single freeze of 3 to 4 minutes was used in a 
random fashion in 40 patients during 1979 and 1980 
to determine its efficacy when compared to the double 
freeze. A 4 to 5 mm margin of freeze beyond the mar- 
gins of the transformation zone was achieved in all 


patients. In large lesions multiple applications were of- 
ten necessary, and cautery to the periphery of the trans- 
formation zone was added in a few patients. Following 
the procedure, patients were instructed to apply a vag- 
inal antibiotic cream as long as the vaginal discharge 
lasted and to avoid tampons and sexual intercourse for 


_ 6 weeks. Follow-up visits were scheduled for 6 weeks 


and 3 months after treatment and then at 3- or 6-month 
intervals for the first 18 to 24 months depending on 
results of cytologic and colposcopic examinations. 
Yearly visits were scheduled thereafter. 

A cryotherapy cure was defined as a patient followed 
for 1 year with at least two negative Papanicolaou 
smears. A freeze failure was defined as persistence if 
grade 2 or 3 cervical intraepithelial neoplasia was di- 
agnosed on routine follow-up visits by Papanicolaou 
smears, biopsy, or endocervical curettage during the 
first 12 months following cryotherapy. Patients with 
grades 1, 2, or 3 cervical intraepithelial neoplasia oc- 
curring after 12 months following cryotherapy or after 
three negative Papanicolaou smears were regarded as 
having recurrent disease and were not considered as 
freeze failures. Patients showing only minimal or mild 
dysplasia during initial follow-up evaluations were not 
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Table If. Follow-up after treatment for grade 
3 cervical intraepithelial neoplasia 


Length of follow-up (mo.) - 


<6 0 0 

6-12 22 4.8 
12-24 163 -. (gad 
24-36 114 25.2 
36-48 62 13.7 
>48 61 13.4 
Lost to follow-up 31 7 

Total 453 100.0 


considered freeze failures for the following reasons: (1) 
atypical or low-grade dysplastic cells often appear dur- 


ing the first 3 months after cryotherapy as a result of | 


tke reparative process, (2) the detection of grade | cer- 
vical intraepithelial] neoplasia was always a transient 
event, (3) small condylomatous lesions often produced 
mildly dysplastic cells, (4) no patient needed repeat 
cryotherapy, and (5) all patients reverted to normal with 
either no treatment (n = 26, or 60%).or focal cautery 
(n = 18, or 40%). 


Results 


During the 11-year period between January, 1972, 
and December, 1982, 453 patients with grade 3 cervical 
intraepithelial neoplasia eligible for outpatient treat- 
ment were treated with cryotherapy. During this period 
31 patients (6.9%) were lost to follow-up, which is.de- 
fined as less than two Papanicolaou smears within the 
Srst year following cryotherapy. The most common 
reason for losing follow-up on patients was their mov- 
ing away with no forwarding address to enable further 
contact. A breakdown. of follow-up duration is pre- 
sented in Table II. Over 50% of patients were followed 
for 22 years. No patient included in the analysis was 
followed for <6 months. Patients included with follow- 
up between 6 to 12 months had at least 2 Papanicolaou 
smears and colposcopic examinations. 

Excluding those lost to follow-up (n. = 31), the total 
number of patients available for postcryotherapy anal- 
ysis was 422. Of these, 392 (93%) were cured with one 
cryotherapy treatment, while 30 (7.1%) demonstrated 
persistence and were considered freeze failures (Table 
III). Forty-four patients (10.5%) were found to have 
transient stage | cervical intraepithelial neoplasia dur- 

ing the first 2 to 12 months following cryotherapy as 
demonstated by Papanicolaou smear and biopsies in 
some cases. These patients were not considered as 
freeze failures for reasons outlined above. Two patients 
(0.4%) were found to have recurrent disease at 20 and 
32 months after cryotherapy and were treated accord- 
ingly. Their follow-up has been normal to May, 1984. 
The mean age of all 453 patients was 27.6 years 


Cryotherapy of grade 3 cervical neoplasia 203 


Table IJ. Failure rates according to type of 
freeze 
















Failures 


No. 
avatlable 


for follow-up 






No. of 
patients 


Type of 


Single 42 38 5 13.2* 
Double 373 347 13 3.8 
Multiple 38 37 12 32.0 

with or 

without 

cautery 





*Difference significant—p = 0.03. 
Table IV. Failure rate according to lesion size 


No. 
: evaluable % 
37 


<] quadrant 155 
>] quadrant 





Failures 





Lesion size 





6 3.9 
267 63 24 9% 


*Difference significant—p = 0.07. 


(range, 17 to 43 years). The mean age of those with 
severe dysplasia (313° patients) was 27.9 years and of 
those with carcinoma in situ (140 patients) was 27.3 
years. With respect to age, there was no difference be- - 
tween those who failed treatment (mean = 28 years) 
and the mean age of the entire group. The vast majority 
of patients were either nulliparous or nulligravid. 

A double freeze was performed on 373 patients and 
a single freezé on 42. No patients suffered significant 
complications of cryotherapy. A watery discharge last- 


ing 2 to 3 weeks following treatment was frequently 


reported, and pads, antibiotic cream, and reassurance 
were used to alleviate this sometimes bothersome 
problem. 

After double freeze only 13 of 373 patients (3.8%) 
were found to have persistence, whereas five of 42 pa- 
tients (13.2%) were found to have persistence after hav- 


ing a single freeze. When lesions were very large (>2 


cm) but still confined to the cervix, multiple freezes, 
with or without peripheral cautery, were often neces- 
sary. This form of treatment at one sitting was required 
by 38 patients. The respective failure rates for these 
patients are shown in Table Il. 

The effect of lesion size on the incidence of persistent 
disease is shown in Table IV. If only one quadrant cr 
less of the cervix was’ involved with cervical intraepi- 
thelial neoplasia, six of 155 patients. (3.9%) demon- 


strated persistence while 24 of 267 patients (9%) with 


lesions greater than one quadrant demonstrated per- 
sistence. Of those patients who, were freeze failures 
(n = 30), only 6 (20%) had small lesions while 24 (80%) 
had large lesions. 
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Table V. Results of cryotherapy in grade 3 
cervical intraepithelial neoplasia (1972 to 1982) 


No. of No. No. 
Histology patients- | evaluable | failed % 


Severe dysplasia 313 289 15. ~ 2 
Carcinoma in situ 140 133 15 11.3 


Total 453 422 30 7.1 


In analysis of the effect of grade on failure patterns 
in evaluable patients, 15 of 289 patients with severe 
dysplasia (5.2%) demonstrated persistence while 15 of 
133 patients with carcinoma in situ (11.3%) demon- 
strated persistence (Table V). 

Endocervical gland involvement with stage 3 cervical 
intraepithelial neoplasia was assessed in 310 patients. 
After exclusion of those lost to follow-up, 283 patients 
were left for analysis of the significance of this finding. 
Thirty-five percent (n = 99) of these patients had 
gland involvement whereas 65% (n = 184) did not. In 
the group of those who had persistent disease after 
cryotherapy, these percentages were identical; 35% of 
those who failed had gland involvement and 65% did 
not. Ei 

An analysis of the prognostic significance of the fac- 
tors, lesion size, grade, and type of freeze {single versus 
double) with respect to persistent disease was carried 
out for each factor separately (univariate analysis) by 
means of x?— and Fisher’s exact test with two-tailed 
testing. One must be aware, however, of the possible 
hidden influence of confounding, i.e., the significant 
effect of one factor on another, when multiple factors 
of a single disease entity are being assessed individually. 
In order to investigate and control for the effects of 
confounding variables, multiple logistic ee oN 
analysis was also carried out, again by means of the x’— 
and Fisher’s exact test with two-tailed methods. Uni- 
variate analysis identified grade (p = 0.02) and type of 
' freeze (p = 0.03) as significant prognostic factors, while 
lesion size failed to achieve significance (p = 0.07). By 
the use of multivariate analysis techniques, lesion size 
remained insignificant (p = 0.38), while adjusting for 
type of freeze and lesion size diminished thé apparent 
significance of grade (p = 0.33). Statistical analysis of 
the difference between the failure rates of double and 
multiple freezes would be inappropriate as the patients 
in these groups are not comparable. 

There are a number of reasons why one should view 
these p values with some skepticism. First, despite the 
fact that lesion size did not prove to be a significant 
prognostic factor in this analysis, we still observe a 
higher-than-average failure rate in women with large 
lesions. Multiple freezes utilizing peripheral cautery or 
laser is still used to attempt to destroy these lesions at 
one sitting. Second, statistical analysis and calculations 
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of significance derived from prospective studies that 
are poorly randomized have to be viewed with caution. 
The distribution of variables between subgroups 1s 
likely to be uneven making comparison of these vari- 
ables with respect to outcome unreliable. For example, 
in constructing the table for comparison of freeze tech- 
nique, lesion size, and grade, we discovered that our 
randomization process was subject to an unknown bias, 
since the vast majority (94%) of patients who received 
a single freeze had severe dysplasia. This weakens the 
results of the statistical analysis of the comparison of 
the effect of single versus double freeze on persistence 
rates with respect to grade of the cervical intraepithelial 
neoplasia lesion being so treated. It should be noted, 

however, that other subgroup pairs were ey com- 
parable in this study. 

Of 422 patients, 30 (7%) were found to have persis- 
tent disease in the form of grade 2 or 3 cervical in- 
traepithelial neoplasia after cryosurgery. The various 
methods of re-treatment are shown in Table VI. The 
disease of 8 patients persisted as grade 2 cervical in- 
traepithelial neoplasia; there was successful re-treat- 
ment by focal cautery in three patients, by laser in two 
patients, and by cone biopsy in one patient. Two pa- 
tients had spontaneous regression of their persistence. 
Twenty-two cases persisted as grade 3 cervical intra- 
epithelial neoplasia; 13 were successfully re-treated on 
an outpatient basis, with cautery in five patients, cryo- 
therapy in five, and laser treatment in three. Surgical 
treatment was required ih only nine patients (2.2%) and 
consisted of cone biopsy in five of them and total ab- 
dominal hysterectomy in the other four. Follow-up on 
these patients has been normal to May, 1984. When 
all alternative re-treatment methods are grouped to- 
gether, 98% of the entire group were successfully 
treated as outpatients. 

One patient demonstrated persistent carcinoma in 
situ on follow-up biopsy and was found to have mi- 
croinvasive disease on cone biopsy. She strongly wished 
to preserve her childbearing function; and subsequent 
follow-up examinations have been normal to . May, 
1984. In the entire group no invasive disease was 
missed. 


Comment 


During the study it became apparent that grade 3 
cervical intraepithelial neoplasia lesion size (Table IV), 
grade (Table V) and method of freeze (Table III) were 
the most important variables in predicting freezé fail- 
ure. Only type of freeze, however, achieved statistical 
significance. Figge and Creasman' noted a 27.5% fail- 
ure rate with a single freeze in contrast to 8.8% with a 
double freeze for all grades of cervical intraepithelial 
neoplasia. With regards to grade 3 cervical intraepi- 
thelial neoplasia, this study supports the suggested su- 
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Table VI. The treatment of freeze failures 






Persistence 
histology 


Grade 2 cervical 
intraepithelial 
neoplasia 
Grade 3 cervical 22 0 5 
intraepithelial 
neoplasia 


periority shown in the literature of the double freeze 
over the single freeze in eradicating disease.*’ The dou- 
ble freeze remains the method of choice at our unit. 
One notes, however, that Benedet et al.’ treated 347 


patients with grade 3 cervical intraepithelial neoplasia’ 


with a single 2-minute freeze and found only an 8.9% 
persistence rate. Such contrasting results make it dif- 
ficult to determine whether the single freeze is truly 
inferior to the double freeze or whether operator tech- 
nique, meticulous patient selection, and overall expe- 
rience play a more important role in achieving low 
persistence rates than the actual type of freeze itself. 
Indeed the operator may have more influence over 
rersistence rates than do the variables—type of freeze, 
lesion size, grade, and endocervical gland involvement. 

Lesion size was noted to be significant by Townsend 
and Ostergard,® DiSaia et al.,° Kaufman and Irwin,” 
and Walton et al. Figge and Creasman' showed by 
multiple logistic regression analysis that, when adjust- 
ment is made for grade and freezing technique, the 
apparent significant influence of size disappears for all 
grades of cervical intraepithelial neoplasia. With regard 
to grade 3 cervical intraepithelial neoplasia only, lesion 
size again did not prove to be statistically significant in 
predicting for persistence after cryotherapy. However, 
experience indicates that multiple freezes and re-treat- 
ment should be anticipated in patients with large 
lesions. This point needs to be emphasized both to 
physicians doing cryotherapy and to their patients to 
ensure tha: adequate follow-up is maintained and per- 
sistence detected. In the present study, 80% of those 
with persistence had lesions greater than one quadrant 
in size. Thus, while statistical significance is not strictly 
demonstrated between the two lesion sizes, there is a 
significant clinical difference present. 

With respect to grade, it is initially difficult to un- 
derstand why there is so much difference in persistence 
rates between severe dysplasia (5.1%) and carcinoma 
in situ (12%) when only two to three cell layers in the 
upper strata of the neoplastic epithelium differentiate 
the two. After further analysis this difference looks 
more apparent than real since the majority of patients 
with carcinoma in situ lesions (69%) had large lesions. 
The failure rate in the carcinoma in situ group is thus 
higher as a result of the confounding effect of size on 
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grade. This observation is consistent with the analysis 
and statement of Creasman et al.’* that the “larger le- 
sion is more likely to be found with a higher grade of 
cervical intraepithelial neoplasia.” The distribution of 
small and large lesion sizes among patients with severe 
dysplasia in our study was more even (41% versus 59% 
respectively). 

There continues to be concern expressed that dys- 
plasia or carcinoma in situ present deep within endo- 
cervical glands is actually outside the 5 mm range of 
freezing effect, thereby placing the patient at risk for 
persistence and detection difficulties during follow- 
up.” In this study the incidence of gland involvement 
in those who failed was equal to that of those who did 
not fail. This observation does not support the conten- 
tion that endocervical gland involvement remains un- 
treated and follow-up detection compromised in a sig- 
nificant number of cases.” It is likely that untreated 
cervical intraepithelial neoplasia within the glands or 
crypts results either from improper probe application 
and/or nontherapeutic temperatures. Once these tech- 
nical problems are overcome, endocervical gland in- 
volvement should not present a significant problem. 

Proving to be significant only if excluded or uncor- 
rected during the necessarily meticulous evaluation and 
treatment protocol would be other variables, such as 
(1) less than ideal equipment," ** e.g., single probe de- 
sign or inadequate freezing temperatures due to low 
tank pressures; (2) improper patient selection,” e.g., 
not using endocervical curettage,* ° patient too old,” 
or unrecognized disease in the canal’; (3) less than ideal 
freezing technique, e.g., inability of the probe to de- 
stroy areas of dysplasia in endocervical areas or in 
scarred folds on the cervix”’; difficulty in obtaining a 
uniform 25 mm depth of destruction"; inability to ob- 
tain a 4 to 5 mm ice ball around the circumference of 
the probe.’ 

Reference has been made to the pitfalls of statistical 
analysis when prognostic variables within patient 
subgroups are compared in a prospective but nonran- 
domized, nonstratified study. Despite the claims made 
here and elsewhere” with regard to the statistical sig- 
nificance and insignificance of various prognostic fac- 
tors, their true status in predicting for treatment failure 
will only be ascertained in a randomized clinical trial. 
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In such a study, patients would be allocated to the treat- 
ment modalities (single versus double freeze) in a con- 
trolled randomized fashion. Stratification of prognostic 
factors, e.g., grade, lesion size, and endocervical gland 
involvement between the treatment groups would be 
necessary. In addition, and equally as important, vig- 
orous attempts would have to be made to minimize the 
‘strong biases of operator technique and treatment 
„< method preferences. . 
"This study shows that at the present time cryotherapy. 
remains an effective, practical, and safe method of 
treating grade 3 cervical intraepithelial neoplasia. A 


` >90% cure rate with an initial double freeze can be 


anticipated and:an overall 97% cure rate after repeat 
outpatient treatment for persistence can be achieved. 
A very rigid method of patient selection and treatment 
must be employed. Invasive disease must be ruled out. 
Only the experienced colposcopist and cryotherapist 
who uses meticulous technique will achieve the success 
rates noted here. Failure to conform to these methods 
will result in unacceptable persistence rates. Follow-up 
must be carried out in an ongoing fashion over an 18- 
to 24-month period in order to detect persistence and 
recurrence. Treatment failures should be anticipated, 
especially in those receiving a single 3-minute freeze or 
multiple freezes for large lesions and in patients with 
lesions occupying more than one quadrant of the cervix 
regardless of the method of freeze. The long-term 
results are pleasing to both the patient and her gyne- 
cologist, especially as recurrence rates are extremely 
low. Cone biopsy or hysterectomy i is avoided in most, 
and preservation of ponia reproductive function is 
achieved. 


We appreciate the collaboration with regard to sta- 
tistical analysis of Mrs. Betty Kuzin, Department of 
Management Services, Toronto General Hospital. 


REFERENCES 


l. Figge DC, Creasman WT. Cryotherapy in the treatment 
of cervical intraepithelial neoplasia. Obstet Gynecol 
1983;62:353. 


10. 


iL 
12. 
13. 
14. 


15. 


16. 


‚January 15, 1985 | 


Am J Obstet Gynecol 


. Benedet JL, Nickerson KG, Anderson GH. Cryotherapy 


in the treatment of cervical intraepithelial neoplasia. Ob- 
stet Gynecol 1981;58:725. 


. Ostergard DR. Cryosurgical treatment of cervical intra- 


epithelial neoplasia. Obstet Gynecol 1980;56:23. 


. Tredway DR, Townsend DE, Hovland DN, Upton RT. 


Colposcopy and cryosurgery in cervical intraepithelial 
neoplasia. AM J OBSTET GYNECOL 1972;114:1020. 


. Creasman WT, Weed JC Jr, Curry SL, et al. Efficacy of 


cryosurgical treatment of severe cervical intraepithelial 
neoplasia. Obstet Gynecol 1973;41:501. 


- Kaufman RH, Strama T, Norton PK, et al. Cryosurgical 


treatment of cervical intraepithelial neoplasia. Obstet Gy- 
necol 1973;42:881. 


. Popkin DR, Scali V, Ahmed MN. Cryosugery for the treat- 


ment of cervical intraepithelial neoplasia. AM J OBSTET 
GYNECOL 1978;130:551. 


. Townsend DE, Ostergard DR. Cryocauterization for 


preinvasive cervical neoplasia. J Rep Med 1971;6:55. 


. DiSaia.P], Townsend DE, Morrow CP. The rationale for 
‘less than radical treatment for gynecologic malignancy in 
` early 


reproductive ` Obstet Gynecol Surv 
1974;29:581. 

Kaufman RH, Irwin JF. The cryosurgical therapy of cer- 
vical intraepithelial neoplasia. AM J OBSTET GYNECOL 
1978;181:381. 

Walton LA, Edelman DA, Fowler WC Jr, Photopulos GJ. 


Cryosurgery for the treatment of cervical intraepithelial 


years. 


neoplasia during the Rep oousHve years. Obstet Gynecol 


1980;55:353. 

Creasman’ WT, Hinshaw MS, Clarke-Pearson DL. Cryo- 

surgery in the management of cervical intraepithelial neo- 

plasia. Cbstet Gynecol 1984;63:145. 

Rubinstein E. CO, laser versus a [Letter]. Ob- 

stet Gynecol 1983;62:672. ` 

Stuart GCE, Anderson RJ, Corlett BMA, Maruncic MA. 

Assessment of failures of cryosurgical treatment in cer- 

vical intraepithelial neoplasia. AM J OBSTET GYNECOL 

1982; 142:658. 

Hemmingsson E, Stendahl U, Stensén S. Cryosurgical 

treatment tof cervical intraepithelial neoplasta with follow- 
up of five to eight years. AM J OBSTET GYNECOL 

1981;139:144. 

Wright VC, Davis EM. The conservative management of 

cervical intraepithelial neoplasia: the use of cryosurgery 

and the carbon dioxide laser. Br J Obstet Gynecol 

1981;88: 663. 


i 


Obstructive uropathy associated with endometriosis 


Claire Kane, M.D., and Pierre Drouin, M.D. 
Ottawa, Ontario, Canada 


Although endometriosis involving the urinary tract is uncommon, it is responsible for considerable morbidity. 
A review of eight cases at two Ottawa teaching hospitals from 1979 to 1983 revealed obstructive uropathy 
in seven patients. There was permanent lass of kidney function in two, ovarian remnant syndrome in 

two, and patient and family history of renal disease in three. The diagnosis of endometriosis was not made 
before operation in four patients. Endometriosis was localized in four patients and generalized in the 
remaining four, while four patients had significant uterosacral nodularity. The conciusion reached after 
study of this small but important population is that physicians should have a heightened awareness of this 
uncommon but serious manifestation of the disease. Earlier. diagnosis might be achieved on the basis 

of a high index of suspicion and careful physical and pelvic examination. The liberal use of intravenous 
pyelography even in cases of minimal endometriosis is urged. Intensive and prolonged follow-up of all 
patients with the diagnosis of endometriosis is recommended until the menopause has been reached. 
Treatment of obstructive uropathy requires meticulous surgical intervention and we recommend ovarian 
ablation with adjuvant hormonal therapy in most circumstances. (AM J OBSTET GYNECOL 1985;151:207-11.) 


Key words: Endometriosis, obstructive uropathy 


When a 21-year-old woman presented in chronic re- 
nal failure due to undiagnosed ureteral endometriosis, 
a search for similar cases was initiated. Although en- 
dometriosis occurs in 15% to 20% of women during 
the reproductive years, only 1% of cases involve the 
urinary tract.’ While bladder involvement is more com- 
mon, ureteral endometriosis contributes to significant 
morbidity from hydroureter to hydronephrosis and 
eventual loss of renal function. Less than 100 cases of 


ureteral obstruction due to endometriosis were re-— 


ported prior to 1979.* Because of the paucity of specific 
symptoms the diagnosis is often not made until signif- 
icant damage has occurred, and 30% of these patients 
permanently lose a kidney.'** Although recommended 
treatment is removal of all ovarian tissue and ureteral 
dissection and/or reimplantation, with excision of en- 
dometriotic foci, many physicians are reluctant to ex- 
tirpate the ovaries before menopause. Danazol and pro- 
gestins have been used with modest success as primary 
therapies in uropathy in a few younger patients desir- 
ous of childbearing; however, their use is considered 
suboptimal and experimental at this time. 


Material and methods 


A retrospective study was done at two Ottawa teach- 
ing hospitals from 1973 to 1983. Charts were reviewed 
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and analyzed for age, parity, symptomatology, physical 
findings, preoperative diagnosis, intravenous pyelo- 
gram and retrograde pyelogram results, findings at op- 
eration, renal function tests, and management. 


Case reports 


Case No. 1. This 21-year-old, nulligravid woman was 
referred from Northern Quebec in renal failure. She 
had a 5-year history of hypertension, chronic left flank 
pain, and recent edema, fatigue, and dyspnea. She had 
been hospitalized at age 3 for oliguria and pyelitis with 
no apparent sequelae. Oral contraceptives were pre- 
scribed from age 12 to age 16 for severe dysmenorrhea 
and menorrhea but pelvic findings were not recorded. 
Family history included maternal hypertension and ne- 
phrectomy in a cousin. 

On examination, she was obese and edematous, and 
the blood pressure was 200/120 mm Hg. Workup re- 
vealed urea, 40 mmol/L, and creatinine, 1100 uwmmol/ 
L of sterile urine with proteinuria (2+); hemoglobin 
was 96 gm/L. Results of cystoscopic examination were 
normal but bulb ureterograms (after failure to pass 
retrograde catheters) showed obstruction of the distal 
ureters at the site of an extrinsic mass in the cul-de- 
sac. Investigations demonstrated massive dilatation of 
intrarenal and extrarenal systems of both kidneys with 
marked atrophy of the cortex. As a lifesaving measure 
bilateral percutaneous nephrostomies were performed; 
the 24-hour urinary output was 100 to 150 ml on the 
left side and 1400 to 1600 ml on the right side. Renal 
function improved; creatinine decreased to 532 pmol/ 
L and urea to 15 mmol/L. One of us (P. D.) was then 
consulted because of the possibility of a pelvic malig- 
nancy. 

On pelvic examination, a firm, fixed, nodular mass 


207 


208 Kane and Drouin 


g Table I. Summary of findings in eight cases of 
endometriosis 


Symptom 
Urinary tract 
Flank pain l 
Hematuria . ] 
Bladder irritability _ ] 
Other 
Dysmenorrhea 
Dyspareunia 6 
Abdominal pain 
Physical findings 
Uterosacral ligament nodularity 4 
Adnexal mass l 2 
Laboratory 
Intravenous pyelography, obstruction 8 
Retrograde pyelography, below pelvic brim 7 
Renal function tests 
Normal 
Abnormal l 


was palpated in the pouch of Douglas. With the patient 
under anesthesia, cul-de-sac needle biopsy and lapa- 
roscopy were performed. Biopsy revealed fibrotic tissue 
© with foci of endometriosis; endometrial glands were 
clearly surrounded by a rim of endometrial-type 
stroma. At laparoscopy both ovaries were obliterated 
by endometriosis and fibrosis and numerous blue cysts 
were seen in the cul-de-sac (American Fertility Society 
Stage III). At laparotomy and after the exploration of 
both retroperitoneal spaces the fibrotic mass was found 
to extend to both pelvic sidewalls at the level of the 
cardinal ligament and to obstruct both ureters totally. 
A reimplantation was done on the right side and end- 
to-end ureterocystostomy were performed. Because 
there was minimal left renal function, no attempt was 
made to reimplant the left ureter. After operation there 
was good urine output, usually 800 ml of urine per 8 
hours; urea and creatinine levels remained stable, and 
the nephrostomy catheters were removed uneventfully. 
Blood pressure was controlled with Lasix and the an- 
tihypertensive Visken, and the patient was placed on a 
regimen of danazol, 200 mg four times a day. Unfor- 
tunately the renal function tests gradually deteriorated, 


and the hypertension became resistant to medical ther- 


apy. Repeated ultrasound examinations showed the 
right kidney to be small and atrophied and there was 
indication of chronic parenchymal renal disease. On 
the left, marked hydronephrosis and dilatation of the 
proximal two thirds of the ureter were found. By May 
of 1984, creatinine was 1288 umol/L and urea, 31 
mmol/L. The patient had persistent headaches and 
blood pressure was 180/110 mm Hg. She was admitted 
to the hospital for initiation of peritoneal dialysis and 
is now on home maintenance dialysis (16 months after 
‘the diagnosis was made). 

Case No. 2. This 38-year-old, nulligravid woman with 
primary infertility, dyspareunia, and dysmenorrhea 
was diagnosed as having endometriosis (American Fer- 
tility Society Stage II) at laparoscopy in 1975. She was 
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treated sequentially with Enovid and danazol over a 7- 
year period. Persistent symptoms finallv led to total 
abdominal hysterectomy, left salpingo-oophorectomy, 
and appendectomy in 1983. Intravenous pyelography 
was not done before operation. At laparotomy, dense 
fibrous adhesions surrounded the left adnexa, sidewall, 
and uterus; the right ovary was considered unremark- 
able and the ureters were not explored. One month 
after operation the patient complained of right flank 
and abdominal pain. Urologic investigations confirmed 
right hydronephrosis and hydroureter at the pelvic in- 
let. A retrograde pyelogram demonstrated right hy- 
droureter below the sacroiliac joint with accompanying 
parenchymal renal atrophy. Laparotomy was per- 
formed with right ureterolysis providing good resolu- 
tion of the obstruction and relief of symptoms. Findings 
were consistent with localized endometriosis. The right 
Ovary was not removed. 

Case No. 3. This 47-year-old, gravida 1, para 0 
woman presented in July, 1978, with a 5-month history 
of left flank pain. Workup revealed left ureteral ob- 
struction, severely compromised left renal function, 
and positive urine cultures. At laparotomy in Novem- 
ber, 1978, minimal endometriosis (American Fertility 
Society Stage I) confirmed by frozen section obstructed 
the ureter. Reimplantation of the left terminal ureter 
was performed. After operation there was no left kid- 
ney function. After referral to a gynecologist in March, 
1979, she underwent definitive total abdominal hyster- 
ectomy, bilateral salpingo-oophorectomy, and appen- 
dectomy and was placed on a regimen of danazol after 
operation. A left nephrectomy was done 7 months later 
because of persistent positive urine cultures and a non- 
functioning kidney. 

Case No. 4. This 24-year-old, gravida 1, para | 
woman was found to have large bilateral adnexal 
masses when she presented with a 3-month history of 
dull abdominal pain. An intravenous pyelogram re- 
vealed 10 to 15 cm pelvic masses with postobstructive 
atrophy of the right kidney. Findings at laparotomy 
were extensive pelvic endometriosis (American Fertility 
Society Stage III) and right ureteral obstruction at the 


` base of the broad ligament. She was treated conser- 


vatively with right salpingo-oophorectomy, left ovarian 
cystectomy, right ureterolysis, and danazol for | year 
after operation and has done well. 

Case No. 5. This 46-year-old, gravida 2, para 0 
woman presented with abdominal pain, bladder irri- 
tability, and a 15 cm pelvic mass in 1979, 6 years af- 
ter total abdcminal hysterectomy, bilateral salpingo- 
oophorectomy, and appendectomy for symptomatic en- 
dometriosis (American Fertility Society Stage I); she 
had no menopausal symptoms or estrogen replace- 
ment. An intravenous pyelogram showed right hy- 
droureter and hydronephrosis. At laparotomy a large 
endometriotic cyst was exised and left ureterolysis per- 
formed. Postoperative recovery was uneventful. 

Case No. 6. This 36-year-old, gravida 3, para 2 
woman had left ureteral obstruction diagnosed when 
an intravenous pyelogram was obtained prior to total 


Volume 151 
Number 2? 


Table II. Proposed etiologies of endometriosis 


1895 Van Recklinghausen 
1896-1897 ‘Cullen 

1896 Iwanoff 

1897 Ries 

1903 Meyer 

1921 Sampson 

1936 Navratil 

1949 Javert 


abdominal hysterectomy for a large leiomyomatous 
uterus. At laparotomy the left ureter was embedded in 
dense adnexal adhesions and chocolate cysts, but there 
was no other evidence of endometriosis (American Fer- 
tility Society Stage I). Subtotal hysterectomy, bilat- 
eral salpingo-oophorectomy, and transureteroureter- 
ostomy were performed. After operation, the intra- 
venous pyelography was normal. 

Case No. 7. This 31-year-old, gravida 4, para 2 
woman presented with right lower-quadrant pain and 
hematuria. She had a long history of dysmenorrhea 
and menorrhagia, and tubal ligation was done 5 years 
previously. She had a personal history of renal calculi 
and childhood glomerulonephritis and a family history 
of glomerulonephritis. An intravenous pyelography 
showed right hydronephrosis and ureteral obstruction 
5 cm from the ureterovesical junction. At laparotomy 
a band of endometriosis extended from the cervix to 
the right sidewall, embedding the ureter (American 
Fertility Society Stage II). Ureterolysis was performed 
and danazol was given for 8 months before definitive 
total abdominal hysterectomy and bilateral salpingo- 
oophorectomy were performed. Before operation an 
Intravenous pyelogram was normal, and the patient 
had no further symptoms. 

Case No. 8. This 38-year-old, gravida 3, para 2 
woman underwent total abdominal hysterectomy and 
bilateral salpingo-oophorectomy for endometriosis in 
1979. She had childhood pyelonephritis and a family 
history of renal disease. In November, 1983, she com- 
plained of severe abdominal pain and rectal pressure. 
An intravenous pyelogram was normal but on lapa- 
rotomy she was found to have a left cystic endometriotic 
ovarian mass adherent to the ureter (American Fertility 
Society Stage I). Excision of the mass and left ureter- 
olysis were performed with good postoperative re- 
covery. 


Analysis of results 


Of eight Caucasian patients aged 21 to 47 (mean age 
of 35), four were nulliparous and four had one to four 
pregnancies. Three patients had personal histories of 
glomerulonephritis, pyelonephritis, and renal stones, 
respectively; all three reported a family history of renal 
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Theory of etiology 


Wolffian duct rests ` 

Miillerian duct rests; migration of endometrium 

Serosal metaplasia 

Lymphatics — 

Surgical transplantation 

Retrogradé menstruation 

Venous metastasis 

Composite theory: Direct invasion through uterine wall 
and beyond; transtubal regurgitation and implanta- 
tion of endometrial tissue; lymphatic or hematoge- 
nous metastasis; implantation of endometrial tissue 
cunts operation 


disease. The preoperative diagnosis was not made in 
four. Table I describes symptoms, physical findings, 
and laboratory results. 

Treatment was primarily surgical. To relieve ureteral 
obstruction, five ureterolyses, one reimplantation of 
terminal ureter, one transureteroureterostomy, and 
one. ureterocystostomy were done. Five patients un- 
derwent total abdominal hysterectomy and bilateral sal- 
pingo-oophorectomy, but, unfortunately, the ureteral 
obstruction occurred following the ovarian remnant 
syndrome in two of these patients. Conservative op- 
eration (resection of endometriomas and relief of ure- 
teric obstruction with preservation of the ovaries) was 
done in three patients. As danazol now seems to be the 
drug of choice for the medical treatment of endome- 
triosis, in this series it was used before operation in four 
patients in preparation for a definitive surgical pro- 
cedure. Danazol was used for postoperative ovarian 
suppression in these patients as well. In one patient 
with extensive pelvic endometriosis, Danazol failed to 
prevent obstructive uropathy. Two patients suffered 
permanent loss of renal function; one of these remains 
in chronic renal failure. Postoperative recovery in seven 
patients was excellent. 


Comment 


Patients with ureteral endometriosis appear to be 
part of a. subpopulation with pelvic endometriosis— 
differing in treatment goals and management. With 
uncomplicated pelvic endometriosis, the aim is to im- 
prove.fertility and relieve symptoms through hormonal 
treatment. 

Although the absolute criteria for diagnosis are de 
tologically demonstrable benign endometrial glands 
surrounded by stroma, in long-standing disease, peri- 
ureteral fibrosis occurs. In one patient, histologic ex- 
amination revealed fibrosis only, although at operation 
the patient was said to have extensive pelvic endome- 
triosis. 

Many etiologies have been offered (Table II), but the 
consensus is that most ureteral endometriosis arises 
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from pelvic foci of endometriosis.* Isolated implants 
are considered to be secondary to dissemination of en- 
dometrial tissue through lymphatic or vascular 
channels. | | | 

Delayed diagnosis and conservative management 
contribute to the morbidity. Although five of eight pa- 
tients had uterosacral nodularity or adnexal masses, 
50% were not diagnosed as having endometriosis be- 
fore operation. Pelvic findings were not recorded in 
three of our patients. Klein and Cattolica,’ in their re- 
view of 62 patients, reported that pelvic examinations 
were not performed or results were not recorded in 
37%. Time to diagnosis averaged 23 months.’ They 
recommended reconfirmation of uterosacral nodular- 
ity in early menses when implants are larger and more 
- tender. Many physicians do not perform a rectovaginal 
examination as an adjunct to bimanual pelvic exami- 
nation; thus evaluation is not complete. 

Obstructive uropathy can occur in both minimal and 
extensive endometriosis.* ° Four of our patients had 
solitary periureteral endometriomas (American Fertil- 
ity Society Stage I) while four had more extensive dis- 
ease (American Fertility Society Stage II in two and 
Stage III in two).- 

Intravenous pyelograms and retrograde pyelograms 
confirmed obstructive uropathy in seven patients, all 


below the pelvic brim, as consistently reported.*’? In- 


travenous pyelography is invaluable in demonstrating 
severity of obstruction, approximate location, and lat- 
erality. In addition it provides a baseline for future 


study. Retrograde pyelography provides precise loca- 


tion, extent of lesion, and the degree of ureteric ste- 
nosis. Radiography is not helpful in differentiating the 
more common extrinsic ureteral endometriosis (exter- 
nal to adventitia) from intrinsic disease (actual inva- 
sion of the ureteral wall); both can lead to fibrosis and 
are not easily differentiated clinically, although cyclic 
pain and hematuria often occur with intrinsic in- 
volvement.® 

Optimal treatment involves relief of obstruction, re- 
section of endometriotic tissue, and castration. Retro- 
peritoneal exploration is recommended to ensure com- 
plete removal of ovarian tissue and to establish the 
presence and extent of ureteral involvement." Castra- 
tion alone usually is not helpful since fibrosis causes the 


ureteral obstruction to remain.* When the ovaries are ' 


preserved, 27% of patients require further operation 
while less than 3% of patients treated by total abdomi- 
nal hysterectomy and bilateral salpingo- oophorectomy 
require additional surgical procedures for endometri- 
-osis (Š. J. Behrman, M.D., unpublished data). Although 
Langmade”® and Gantt et al.” stated that estrogen re- 
placement usually does not cause reactivation of en- 
dometriosis, it is our impression that it is a factor in 
recurrence. However, when endometriosis recurs dur- 
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ing estrogen replacement, it can also be due to incom- 
plete removal of ovarian tissue.'® '? Dick etal., in 1973, 
reported a case of postmenopausal ureteral endome- 
triosis after 1l-years of Premarin, 1.25 mg daily. 

In our series, obstructive uropathy occurred after 
conservative operation or danazol or progestin treat- 
ment and in the presence of residual ovarian tissue 
after total abdominal hysterectomy and salpingo-oo- 
phorectomy. 

When the obstruction is recent, when the patient 
wishes further childbearing, or when she refuses op- 
eration, ccnservative management with progestins or 
danazol may be useful.* '* Depo-Provera has success- 
fully relieved obstructive uropathy without operation," 
while progestin before operation can decrease the size 
of implants.’ Although the estrogen-progestin com- 
bination pill can initially stimulate endometrial tissue, 
Lavalle et al." has reported one case where norgestrel~ 
ethinyl estradiol achieved complete resolution of the 
obstruction. Danazol has been used with good results 
in several patients.” '© Strict criteria should be used: 
established diagnosis of endometriosis, informed con- 
sent regarding risks, serial intravenous pyelography, 
careful assessment of overall renal function, state of the 
unaffected kidney, and patient compliance.’® "’ 

The significance of previous personal and family his- 
tories of renal disease is not clear. It is possibly a risk 
factor. i. A 
In order to manage cases of ureteral obstruction we 
recommend the following steps in diagnosis and treat- 
ment. Diagnosis should include: (1) high index of 
suspicion for persistent symptoms referrable to the uri- 
nary tract and the abdomen, dysmenorrhea, unex- 


plained hypertension, and renal abnormality; (2) care- 


ful physical examination, especially nodularity of the 
uterosacral ligaments; (3) routine use of intravenous 
pyelography once the diagnosis of endometriosis is 
made, even in minimal cases, and intravenous pyelog- 
raphy before any planned operation for endometriosis; 
(4) ascertainment of possible risk factors in personal or 


family history of renal disease; (5) use of the American 


Fertility Society classification for accurate staging to 
compare results, to allow comparability between insti- 


‘tutions, and to make possible multicenter trials. Treat- 


ment should consist of: (1) definitive operation (total 
abdominal hysterectomy, bilateral salpingo-oophorec- 
tomy) in most cases; (2) meticulous surgical technique 
to ensure complete removal of all ovarian tissue, and 
(3) exposure and examination of ureters whenever Op- 
eration for endometriosis is carried out. 
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A case report of primary adenocarcinoma of the fallopian tube 


E. A. J. Ryan, M.D., and S. A. Mehmi, M.D. 
Toronto, Ontario, Canada 


The apparently smallest primary adenocarcinoma (2.3 mm in diameter) of the fallopian tube ever described 
was diagnosed by repeated blind sectioning of the surgical specimen after the preoperative finding of an 
abnormal cervical Papanicolaou smear and the subsequent finding of abnormal cells in fluid obtained 

by laparoscop c peritoneal lavage, although a survey of the patient for a primary cancer was negative. (Am 


J OBSTET eee 1985; 151 211- -2.) | 


Key onda! Fallopian tube, cancer, microscopic primary adenocarcinoma 


This is a case report of the apparently smallest fal- 
lopian tube malignancy recorded in the literature | to 
the present. 


Case presentation 


Mrs. M. M., a 51-year-old gravida 5, para 4, abortion 
1, living children 4, postmenopausal schoolteacher, was 
referred by her family physician because of an abnor- 
mal Papanicolaou smear described as “highly suggestive 
of malignant cells” on her annual checkup on May 15, 
1979. The only symptoms the patient described were 
fatigue and headaches. She had been menopausal for 
8 years and she denied postmenopausal bleeding. On 
examination, she was a thin, healthy-looking woman. 
A speculum examination showed an atrophic cervix 
with an endocervical polyp. There was no palpable pel- 
vic lesion. 
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Investigations, including a repeat Papanicolaou 
smear, fractional dilatation and curettage, sigmoidos- 
copy, barium enema, upper gastrointestinal series, gas- 
troscopy, E.R.C.P., liver and spleen scan, chest x-ray 
film, intravenous pyelogram, computed tomographic 
scan of the abdomen, and mammography, were all 
normal. 

Laparoscopic examination of the pelvis and abdom- 
inal cavity was normal; however, peritoneal lavage with 
saline at the time of laparoscopy was positive for ad- 
enocarcinoma cells. These cells were judged as being 
compatible with the Papanicolaou smear cells. At lapa- 
rotomy, no abnormality was ; detected i in the abdominal] 
cavity. 

In view of these findings, the suspicion of fallopian 
tube carcinoma led us to perform a total abdominal hys- 
terectomy with bilateral salpingo-oophorectomy. 

The initial pathologic reports described only atrophic 
changes within the ovaries, tubes, and uterus. A third 
reexamination of the surgical specimen demonstrated 
a 2.3 mm focus of adenocarcinoma in the fimbrial end 
of the right fallopian tube. The oncology pathologist 
believed that this was a primary tubal carcinoma. Be- 
cause of the poor differentiation of cells, full-dose pelvic 
irradiation and abdorninal strip radiation were carried 
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out. The patient was well until 18 months later when 
she returned with intestinal obstruction. At laparotomy, 
carcinoma metastatic to the liver, intestines, and’ mes- 
entery was identified, but no primary site was found. 
Biopsy showed poorly differentiated adenocarcinoma, 
most likely secondary, compatible with previous find- 
ings in the fallopian tube, The patient died within 24 


months of the seconeaty diagnosis. The a) refused 


autopsy. 


Comment 

The incidence of fallopian tube ‘carcinoma varies 
from 0.1% to 0.5% in the age group of 18 to 80 years. 

Early diagnosis of fallopian tube cancer is a difficult 
problem. Diligent investigations and persistence on the 
‘part of the physician are important. The emphasis is 
_ placed on laparoscopic peritoneal lavage in the pres- 


ence of positive cervical cytologic findings and negative ` 


curettage for diagnosis of fallopian tube carcinoma. 
Fiedler and Lock’ have demonstrated the value of 


the cervical smear as an aid i in diagnosis of carcinoma ' 


of the fallopian tube. 

Sedlis’ reported the presence of tubal tuberculosis 
coexistent with tubal malignancy. A finding of note was 
the apparently high percentage of nulligravid patients. 

Hanton et al. from the Mayo Clinic reported 27 pa- 
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tients with primary carcinoma in the fallopian tube. 
During the 20-year period, the treatment of choice was 
total abdominal hysterectomy and vee salpingo- 
oophorectomy. 

Boutselis and Thompson‘ ss 14 cases between 
1950 and 1970 of primary carcinoma of the fallopian 
tube agreed with previous reports that the optimum 
treatment was total abdominal hysterectomy and bilat- 
eral salpingo-oophorectomy. When the tumor has 


. spread into the pelvis, postoperative irradiation is in- 


dicated. A more radical pelvic operation is indicated in 
selected. cases and chemotherapy may be a valuable 
adjuvant- 

~ The most important prognostic factor is the clinical 
stage of the disease when therapy is fee anenee: 
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-The changing concepts of condyloma 


A retrospective study of colposcopically directed 


cervical biopsies 


M. A. Binder, M.B., Ch.B.(Birm.), G. W. Cates, M.D., H. E. Emson, B.M., B.Ch.(Oxon), 
S. J. Valnicek, M.D.(Prague), T. B. MacLachlan, M.D., E. W. Schmidt, M.D., 


D. R. Popkin, M.D., and A. Ferenczy, M.D. 


Saskatoon, Saskatchewan, and Montreal, Quebec, Canada 


- Human papillomavirus has been implicated in the etiology of cervical intraepithelial neoplasia. A retrospective 

- audit was conducted on all colposcopically directed biopsies performed from June through November, 
inclusive, in the years 1980 and 1982, a total of 317 cases. In 1980, the misdiagnosis rate for condyloma 
was 88.9% (69 of 78) and, in 1982, the misdiagnosis rate was reduced to 28.5% (40 of 140). On 
review, the association of cervical intraepithelial neoplasia with condyloma was. 73% (107 of 146), 
p < 0.005. The differences in mean ages of patients with condyloma alone, cervical intraepithelial neoplasia 
with condyloma, and cervical intraepithelial neoplasia alone were significant, po. 02. When condyloma 
is not recognized, the pathologist tends to ovetdiagnose grade 3 cervical intraepithelial neoplasia as 
shown in 28 original cases; 16 of 28 (57.1%) were condyloma alone on review, Fifteen (53. 6%) of these 
28 patients underwent a cone biopsy or hysterectomy when a less radical procedure would. have been 
acceptable. The morphologic changes indicating cervical condyloma were not fully appreciated by the 

_ ‘pathologist, and this resulted in overdiagnosis and later overtreatment by the gynecologist. (Am J OBSTET 


nner GYNECOL 1985; 151 eas ) 
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cervix 


Condyloma acuminatum or genital warts of the 
vulva, perineum, anus, vagina, and occasionally the cer- 
vix are well-described lesions associated with sexual 
transmission. 
cos Koss and Durfee; in 1956, defined koilocytotic 
j atypia of the uterine cervix. In 1976 and 1977, Meisels 

=o etal, > described the appearance of flat condyloma 

condyicme: planum) by cytologic, colposcopic, and his- 
topathologic characteristics. They suggested that con- 
dyloma may be involved in the initial developmental 
steps of cervical intraepithelial neoplasia. As early as 

1970, Oriel and Almeida‘ demonstrated the presence 
of intranuclear human papillomavirus particles in gen- 
ital warts, and human papillomavirus particles were 
: identified, in 1981, by Casas-Cordero et al. within koil- 

z oocytes of cervical condyloma by means of transmission 

electron microscopy. Immunoperoxidase staining con- 

firmed the electron microscopic studies, indicating the 
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_ ogists, colposcopists, and histopathologists has. ari 

















presence of human papillomavirus antigen in nthe m 
of koilocytes.* | ley | 
In 1981, Meisels et al.’ stated that atypical conid 
characterized: by nuclear atypia with polyploid | D 
values, mimics cervical intraepithelial. neoplasia: Ot 
patients with atypical condylomas followed up. fe 
year in their study, 100 cases reverted to norma: 
Papanicolaou smear while 10 cases progressed to gi 
3 cervical intraepithelial neoplasia (severe dysplasi 
carcinoma in situ), suggesting a close association 
tween human papillomavirus infection and carcinor 
of the cervix. Boon and Fox,* in 1981, describec t 
simultaneous appearance of condyloma and ce 
intraepithelial neoplasia, and, in 1982, Fenoglio a 
Ferenczy’ reiterated the close association between « 
dyloma ana cervical ee oe ania Fur l 


alae The group with cervical | intraepithe 
plasia alone was the elder. 

The classical condyloma acuminatum of thé: g 
area is an exophytic lesion well known- by both path 
ogists and gynecologists. The confusion. among cyt 


with the flat, the atypical, and the endophytic. type o 
condyloma.. Recent correlative morphologie,” Feulg 
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Fig. 1. Flat condyloma (planum) of cervix. Koilocytotic cells 
with cytoplasmic ballooning and enlarged degenerative and 
often double nuclei occupy the upper one third of the epi- 
thelium. The basal and parabasal layers contain normal to 
‘slightly reactive cells. (x 100.) 


‘DNA microspectrophotometric quantitation,” molec- 


ular hybridization,'*"® and clinical studies identified two 
distinct types of cervical condylomatous lesions.'"'* The 
first is characterized by nuclear polyploidy, lack of mi- 
‘totic figures other than tripolar mitosis and dispersed 
:metaphases,” and human papillomavirus DNA types 6 
and/or 11.'* 416 Such lesions are ordinary condylomas, 
tend to regress spontaneously or not to recur after 
treatment, and have virtually no known malignant po- 
tential. The second type is associated with nuclear aneu- 
ploidy and abnormal mitotic figures and contains hu- 
-man papillomavirus DNA types 16° ' and/or 18.'° This 
_type of lesion is design nated as cervical intraepithelial 
neoplasia with koilocytotic features; it tends to persist, 
rarely regresses, and apparently has a relatively high 
malignant potential. 

The purpose of this study was to determine the ex- 
tent to which the “condyloma concept” had penetrated 
“the pathologic practice in our institution. Consequently, 
we attempted to identify: (1) any change in the histo- 
logic recognition and diagnoses of condyloma, (2) the 
“rate of association between condyloma and cervical in- 
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traepithelial neoplasia, and (3) the treatments received 
when condyloma was originally overdiagnosed as grade 
3 cervical intraepithelial neoplasia. 


Material and methods 


All colposcopically directed biopsies from the periods 
June to November, inclusive, 1980 and 1982, were re- 
viewed by a resident and a senior pathologist. The re- 
view took place in October through December, 1982. 
A second senior pathologist and a gynecologic pathol- 
ogist reviewed all cases that were originally diagnosed 
as grade 3 cervical intraepithelial neoplasia. There were 
317 colposcopically directed biopsy specimens that had 
been fixed in formalin and embedded in paraffin. Orig- 
inally each block was cut into eight sections with two 
or three subsections of 5 to 6 pm in thickness. Cuts 
numbered 2, 4, 6, and 8 were stained with hematoxylin 
and eosin. 

The criteria used for the diagnosis of ordinary con- 
dyloma of the cervix were as published by Meisels and 
Fortin.? The thickness of the squamous epithelium may 
be variable. Basal and parabasal layers have normal 
cellular polarization. The upper one third to two thirds 
of the epithelium contains koilocytes (Fig. 1). The sur- 
face layers often have cells featuring intracellular kera- 


` tinization or dyskeratotic changes. Nuclei of the deeper 


cell layers are relatively large, as are the nucleoli, but 
the chromatin is finely dispersed. These alterations are 
consistent with nuclear polyploidy, that is, reactive or 
hypertrophic changes. The nuclei of the upper cell lay- 
ers have rather a large and retracted, hyperchromatic, 
sometimes pyknotic or karyorrhectic, appearance. 
These changes are a reflection of degeneration. There 
may be binucleation or multinucleation. The koilocyte 
is a large cell with a relatively large, hyperchromatic 
nucleus surrounded by an irregularly shaped cyto- 
plasmic cavity (cytoplasmic ballooning). The chromatin 
is often agglutinated with peripheral margination 
suggestive of degeneration. Abnormal mitotic figures 
are absent. 

Occasionally condyloma extends into the subjacent 
endocervical “glands,” replacing and obliterating the 
columnar epithelium. In other instances, the con- 
dylomatous changes occur in squamous metaplastic 
epithelium which has already replaced endocervical 
“glands.” In either situation the term endophytic or 
inverted condvioma is used. 

Condyloma and cervical intraepithelial neoplasia 
may be seen separately in the same specimen, or con- 
dyloma may be interspersed within areas of cervical 
intraepithelial neoplasia® or be present in the upper 
levels of the abnormal epithelium (Figs. 2 and 3). In 
the last group, the term “cervical intraepithelial. neo- 
plasia with condylomatous or koilocytotic features” 
used. Regardless of grade, cervical intraepitheliz ineo 
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Fig. 2. Cervical intraepithelial neoplasia, grade | (mild dysplasia), with koilocytotic features. The 
lower one third of the epithelium contains atypical, pleomorphic nuclei displaying loss of cohesion 
and organization and coarse, often aggregated chromatin. Such cells may have aneuploid nuclear 
DNA content. The upper two thirds to one half of the epithelium has koilocytotic cells, many of 
which contain nuclear degenerative changes. (Original magnification x 250.) 





Fig. 3. Cervical intraepithelial neoplasia, grade 2 (moderate dysplasia), with koilocytotic features. 
The lower one half of the epithelium is replaced by abnormal cells with pleomorphic, hyperchromatic 
nuclei. In addition to loss of cellular organization, cohesion, and maturation, there are several mitotic 
figures. The upper one half of the epithelium demonstrates an attempt at cytoplasmic maturation, 
although the nuclear morphologic features remain abnormal. The most superficial cells have irreg- 
ular cytoplasmic cavities and dark, degenerative nuclei consistent with koilocytotic atypia associated 
with presence of human papillomavirus. (Original magnification x 150.) 


plasia has abnormal cells in which the nuclei have aneu- 
ploid DNA content and abnormal mitotic figures. How- 
ever, where there is cervical intraepithelial neoplasia, 
the basal layer is always involved with abnormal cells. 
The cells in the upper epithelial strata demonstrate 





koilocytotic atypia. The so-called atypical condyloma.— 
has all the cytologic features of cervical intraepithelial 
neoplasia. 

The term unclassifiable cervical intraepithelial neo- 
plasia has been used for those lesions in which accurate 
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Fig 4. Histopathologic results of colposcopically directed biopsies. June through November, 1980, 
inclusive, (CIN = Cervical intraepithelial neoplasia and UCIN = unclassifiable CIN.) 
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Fig. 5. Histopathologic results of colposcopically directed biopsies, June through November, 1 1982, 
inclusive. (CIN = Cervical intraepithelial neoplasia and UCIN = unclassifiable CIN.) 















i could: not be provided because of the lack of F test. The Mann- Whitney test was used to compar e 
thickness « of surface epithelium. However, the ep- the significance of median ages. E 
l cells that are visualized demonstrate unequiv- 
itraepithelial neoplastic features. Results | 
o compare the association of cervical intraepithelial The original diagnosis of 127 colposcopically di- A 
oplasia : with condyloma to condyloma alone the x° rected biopsies between June and November, inclusive, 
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and 47 (37%) cases of cervical intraepithelial neoplasia 
with condyloma. Of the total cases 78 of 127 (61.4%) 
finally diagnosed as condyloma, 69 of 78 (88.5%) were 
initially missed. 

Two years later, from June to November, 1982, in- 
clusive, there were 190 colposcopically directed biopsies 
(Fig. 5). The original diagnoses were condyloma alone 
in 53 (27.9%) and cervical intraepithelial neoplasia with 
condyloma in 47 (24.7%). On review there were 80 of 
190 (42.1%) cases of condyloma alone and 60 (31.6%) 
of cervical intraepithelial neoplasia with condyloma. A 
total of 40 of 140 (28.5%) cases of condyloma were 
initially missed. 

With both review periods combined, there were 111 
cases of condyloma alone. Of these, five of 111 (4.5%) 
were exophytic, four (3.6%) were endophytic, and 102 
(91.9%) were flat condylomas. On review there were 
146 of 317 (46%) cases with cervical intraepithelial neo- 
plasia; of these, 107 of 146 (73%) cases were neoplasia 
with condyloma. The association of cervical intraepi- 
thelial neoplasia with condyloma when compared to 
cervical intraepithelial neoplasia alone is highly signif- 
icant (x° analysis with 4 df = 16.07, p < 0.005, Fig. 6). 
The incidence of grade 3 cervical intraepithelial neo- 
plasia with condyloma as compared to neoplasia alone 
was also highly significant (x? analysis with 1 df = 
10.80, p < 0.01, Fig. 6). 

From the combined periods of 1980 and 1982, 66 of 
the original 94 cases diagnosed as grade 3 neoplasia 
were confirmed, 11 as neoplasia alone and 55 as neo- 
plasia with condyloma. However, 28 (29.8%) of the 
original 94 cases were reclassified as follows: 16, con- 
dyloma alone; two, grade | neoplasia with condyloma; 
four, grade 2 neoplasia with condyloma; four, unclas- 
sifiable neoplasia with condyloma; and two, unclassifi- 
able neoplasia alone. Twenty-six (92.9%) cases were 
associated with condyloma. Of the 17 new cases of 
grade 3 cervical intraepithelial neoplasia diagnosed, 11 
were originally called condyloma, three were grade 2, 
one was microinvasive carcinoma, and two were un- 
classifiable neoplasia. 

Analysis of the age distribution (Fig. 7) revealed 194 
of 218 (89%) patients with condyloma alone and neo- 
plasia with condyloma were aged <35 as compared to 
24 (11%) patients who were older than age 35 (Z test, 
p < 9.00001). When the mean ranks were analyzed 
with the Kruskal-Wallis test, the differences in these 
mean ranks were significant (H value = 6.36, p< 
0.05), between the groups with condyloma alone, neo- 
plasia with condyloma, and neoplasia alone (Table I). 
An analysis of mean ages using the analysis of variance 
also shows the mean to be significantly different (F 
value = 4.28, p < 0.02, Table I). An analysis of the 
median ages showed the group with condyloma alone 
to have a median age of 27 years, which is significantly 
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Fig. 6. Review diagnoses of condyloma associated with cervical 
intraepithelial neoplasia, June through November, inclusive, 
in the years 1980 and 1982. The incidence of cervical intra- 
epithelial neoplasia associated with condyloma (107 of 146 or 
73%) is highly significant when compared to that of neoplasia 
alone (39 of 146 or 26.7%, p < 0.005). The incidence of grade 
3 cervical intraepithelial neoplasia with condyloma (69 of 83 
or 83.1%) is highly significant when compared with that of 
grade 3 neoplasia alone (14 of 83 or 16.9%, p< 0.01). 
(CIN = Cervical intraepithelial neoplasia and UGIN = unclas- 
sihable CIN.) 


younger than the group with neoplasia alone, that had 


a median age of 31 years (p < 0.03, Mann-Whitney test, 


Table I). The age of peak frequency in the group with 
condyloma alone was 24, while that in the group with 
neoplasia alone was 30 (Table I). 


Comment 


The cytologic, colposcopic, and histopathologic fea- 
tures of condyloma heralded by the publications of Mei- 


sels et al., ° in 1976 and 1977, did not lead to instant 


and universal recognition of this viral infection. In the 
years that followed, little was published regarding col. 2 
poscopic appearance and clinical implications. It is un- > 
derstandable, therefore, that clinicians and pathologists 


were confused, and many looked at the condyloma con- 


cept with skepticism. 
This study demonstrates that new information about 
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Fig. 7. Age distribution of all the patients with colposcopically directed biopsies, June through 
November, inclusive, in the years 1980 and 1982. A total of 194 of 218 (89%) patients with condyloma 
alone and cervical intraepithelial neoplasia with condyloma were <35 years old as compared to 24 
(11%) patients who were >35 years old (Z test, p < 0.00001). 


Table I. Age distribution analysis 





Candyloma 
alone 
Total patients 11] 
Mean age (+SD) 28.35 + 8.09 
Mean rank 117.42 
Median age 27% 
Age at peak frequency 24 


* Analysis of variance. 
+ Kruskal-Wallis test. 


Cervical 
intraepithelial Cervical 
neoplasia with intraepithelial 
condyloma neoplasia alone Significance 
107 39 
29.80 + 9.07 33.54 + 13.74 p < 0.02* 
133.26 150.26 p < 0.05+ 
28 31 
29 30 


Mann-Whitney test (statistically significant difference between the condyloma alone and cervical intraepithelial neoplasia alone 


groups only, p < 0.03). 


condyloma improved the diagnosis between the 1980 
and 1982 study periods. Of the cases of condyloma 
alone, 106 of 111 (95.5%) were of the flat or endophytic 
type. These 106 cases appeared as a subclinical infec- 
tion, not recognized by gross inspection or seen with 
difficulty on colposcopy, mainly as an acetowhite patch. 
The exophytic condyloma, which can be seen on gross 
inspection and is familiar to all gynecologists, accounted 
for 4.5% of the group with condyloma alone. This dis- 
tribution of the types of cervical condyloma may be a 
contributing factor to the lack of earlier acceptance of 
the “condyloma concept.” 
The incidence of cervical intraepithelial neoplasia as- 
sociated with condyloma, 107 of 146 (73.3%), is highly 
- significant when compared to that of neoplasia alone, 
39 of 146 (26.7%) (p < 0.005). The incidence of grade 
3 neoplasia with condyloma, 69 of 83 (83.1%), when 
compared with that of grade 3 neoplasia alone, 14 of 
83 (16.9%), shows a highly significant difference, 
p< 0.01. However, there was no such significant dif- 
ference in our study with grades 1 and 2 cervical in- 
i traepithelial neoplasia with or without condyloma. Col- 


poscopy was initiated in 1976 in our referral area, and 
by 1980, there were two colposcopists for a population 


of approximately 500,000. When the Papanicolaou 


smears prior to the colposcopically directed biopsies 
were analyzed, 118 of 238 (49.6%) patients had ab- 
normal smears for a period ranging from | to 8 years 


before their first colposcopic investigation. This situa- 


tion prevailed for 69% of patients within the grade 3 
neoplasia with condyloma group which explains the 
disproportionate number of cases of grade 3 relative 
to grades | and 2 (Figs. 4 and 5). 

Epidemiologically, we have confirmed, together with 
others, that the group with condyloma alone (age 
28.35 years) was younger than the group with neoplasia 
and condyloma (age 29.8 years). This suggests that con- 
dyloma may be a precursor of cervical intraepithelial 
neoplasia associated with condyloma. Of all patients 
with condyloma, condyloma alone, and cervical intra- 
epithelial neoplasia with condyloma, 89% were aged 
<35, p < 0.00001. | 

Originally there were 94 cases of grade 3 cervical - 
intraepithelial neoplasia with or without condyloma. 
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On review there were only 66 cases, which represents 
a net overdiagnosis rate of 29.8%. This was due to the 
presence of condyloma. In the original group of grade 
3 neoplasia, there were 28 cases on review which were 
not grade 3. Sixteen of 28 (57.1%) cases were condy- 
loma. The presence of condyloma may lead to an over- 
grading of cervical intraepithelial neoplasia by pa- 


thologists who are unfamiliar with the diagnosis of 


condyloma. Such overreading may have clinical im- 
plications to the practicing gynecologist regarding the 
selection of therapy. Indeed, 15 condylomas that were 
originally diagnosed as grade 3 neoplasia would have 
been less radically treated with cryotherapy or laser 
therapy. Instead 11 patients underwent cone biopsy 
and four patients underwent hysterectomy. These 15 
patients had an unnecessary and costly procedure with 
an increased potential risk of morbidity and mortality. 
The psychological aspect of having grade 3 cervical 
intraepithelial neoplasia diagnosed is traumatic to the 
patient. Of the 17 new grade 3 cases diagnosed on 
review, there were originally 11 in the group with con- 
dyloma alone, indicating a problem with underdi- 
agnosis as well. These 17 patients received adequate 
treatment, including cryotherapy in 11, conization in 
five, and hysterectomy in one. 

This study highlights the importance of providing 
an accurate histologic diagnosis of cervical biopsies and 
understanding the natural history, including morpho- 


logic manifestations of the human papillomavirus in- 
fection—cervical intraepithelial neoplasia complex. If 


human papillomavirus infection of the cervix is not 
recognized, the lesion may be overdiagnosed as cervical 
intraepithelial neoplasia, leading to overtreatment. On 
the other hand, an initial diagnosis of grade 2 or 3 
cervical intraepithelial neoplasia may on review be re- 
classified as a lower grade of neoplasia with condyloma, 
again leading to overtreatment. Also, failure to under- 
stand the appearance of condyloma may occasionally 
lead to an underdiagnosis. The association of condy- 
loma with cervical intraepithelial neoplasia is highly sig- 
nificant, p < 0.005. Reid et al." also found a significant 
association between condyloma and cervical intraepi- 
thelial neoplasia as well as between condyloma and inva- 
sive cervical carcinoma. In fact, it has recently been 
suggested that human papillomavirus of DNA types 
16%" and 18'° may be related etiologically to cervical 
cancer precursors and invasive cancer. Consequently, a 
cytologic diagnosis of condyloma must be followed up 
with a colposcopic evaluation of the patient to rule out 
coexistent cervical intraepithelial neoplasia. Patholo- 
gists and gynecologists who are familiar with the con- 
dyloma issue are likely to provide the best possible care 
to their patients. 
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The epidemiology of urethral-vesical dysfunction in 


the female patient 


i G. J. Quigley, M.D., F.R.C.S.(C), F.R.C.O.G., and A. C. Harper, M.B., B.S., M.P.H., Dr.P.H. 


Hamilton, Ontario, Canada 


The specific purposes of this report are twofold: (1) to summarize the descriptive epidemiology of 
urethral-vesical dysfunction in a population of 1439 female patients referred for urodynamic evaluation of 

_ symptoms and (2) to analyze the association between demographic, clinical, and investigative data. On the 
-basis of urodynamic studies, abnormalities were classified into four types: anatomic dysfunction, 60%; 

- neuromuscular dysfunction, 20%; neuropathic dysfunction, 12%; and miscellaneous dysfunction, 8%. 

. Analyses and cross tabulations of clinical data vis-a-vis investigative studies reveal poor correlation 

_ between subjective clinical data and urodynamic diagnoses. The clinical symptoms of urethral-vesical 
-dysfunction in the female patient may be confusing and complex. Urodynamic evaluation of symptoms and 
-clinical data is of value in the design of a rational therapeutic program for such patients. (Am J OBSTET 


GynecoL 1985;151:220-3.) 


Key words: Epidemiology, dysfunction, urethral-vesical 


The problem of lower urinary tract dysfunction is 
well known to every category of clinical physician, and 
these patients are to be found throughout the total 
spectrum of clinical practice. There have been very few 
epidemiologic studies of the problem and the majority 
of these have been confined to the geriatric patient. 
However, Thomas et al.' studied a population sample 
of 22,430 patients who were more than 5 years old in 
whom there was a prevalence of lower urinary tract 
dysfunction of 9.2% among male subjects and 7.8% 
among female subjects. Yarnell et al.” reported upon 
- 1060 randomly selected women older than age 18, 45% 
of whom admitted to some degree of incontinence and 
3% of whom reported symptoms of a sufhcient degree 
to interfere with their social or domestic life. In addition 
to the significant prevalence of this syndrome of ure- 
thral-vesical dysfunction in the female patient, there is 
the problem of appropriate therapy when such therapy 
is based upon subjective symptoms and clinical findings. 
Jeffcoate and Francis’ wrote of the difficulties of de- 
termining the type of incontinence from which a 
woman suffers; Bates et al.’ described the urinary blad- 
_ der as often proving to be an “unreliable witness.” Far- 
rar et al.° stated that of women who complain of stress 
incontinence as a pure and solitary symptom, 90% will 
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have anatomic sphincteric insufficiency of the urethral- 
vesical neck, but of women who complain of stress and 
urgency incontinence, 80% of these patients will, upon 
study, be found to have detrusor instability. Powell 
et al.° reported upon the study of 1800 women with 
symptoms of urethral-vesical dysfunction, indepen- 
dently classified by two different experts as to type of 
incontinence, one investigator basing his diagnosis 
upon a detailed clinical history and examination and 
the other investigator, upon urodynamic investigation 
only. When the diagnoses of the two investigators were 
compared, the correlation of diagnoses by the two in- 
dividuals was poor. Of the patients clinically diagnosed 
as having stress incontinence, the urodynamic studies 
provided substantive evidence of a diagnosis in only 
50% of patients. The clinical diagnosis of urgency in- 
continence was urodynamically confirmed in 30% of 
patients, and 10% of the urgency incontinence group, 
by clinical diagnosis, were identified, following uro- 
dynamic evaluation, as having genuine stress inconti- 
nence. The conclusion of those studies was that it is 
extremely difficult for an experienced investigator to 
predict the urodynamic findings in certain clinical 
groups on the basis of patient symptoms and the clinical 
examination alone. 


Methods and material* 

A total of 1439 of the patients referred to our unit 
for investigation and diagnosis were evaluated by a 
detailed gynecologic-urologic clinical history and ex- 


*Methods, definitions, and units conform to the standards 
proposed by the International Continence Society, except 
when specifically noted. 








Table I. Referral source of study population 
(1439 patients) 





Source 





Physician 
Family physician 65 
Gynecologist 16 
Other consultants 19- 
Region 
Metropolitan area 68 
Niagara health region 32 





Table II. Urodynamic classification (1439 
patients) 





Classification 
Anatomic incontinence i 60 
Idiopathic neuromuscular incontinence 20 
Neurological incontinence 12 
Mixed-type incontinence 8 





=o amination and underwent a comprehensive urody- 
= mamic study. Clinical and investigative data were re- 
corded for storage, retrieval, and follow-up purposes. 


© The time span of these studies was 5 years (1977 
S through 1981). 

<- Urodynamic investigational-diagnostic procedures 
ed of: uroflow studies; cystometrograms ob- 
-tained with medium-flow vesical filling, normal saline 
at body temperature being the infusion medium of 
first choice; urethral-vesical pressure profilometry with 
a four-channel Fr. 10 catheter: sphincter electro- 
myography; cystoscopy; and voiding chain cystoureth- 
rography. 

_ ‘Table I shows the referral sources of the patient pop- 
“ulation. | 

Patients were classified into four groups on the basis 
of urodynamic studies, and the overall classifications of 
the 1439 patients are shown in Table II. Since our unit 
is an integral part of the Multiple Sclerosis Clinic at 
McMaster University Medical Centre, there was an ob- 


vious weighting of this classification. The statistics were 
<- adjusted for all neurological referrals (primary neu- 
- - ropathic syndromes, postsurgical neurological trauma, 


__and cerebral vascular syndrome), and the resulting “gy- 


= necologic urologic” classifications are shown in Table 


-HI This gynecologic population formed the basis for 
the present study. 

Epidemiologic studies. We examined associations 
between clinical factors and urodynamic findings to de- 


termine the predictive value of the history and exam- 


ination. The urodynamic findings were used as the 
“Gold Standard” for the cross analyses with the use of 
“two-by-two” or fourfold tables (Fig. 1). The results of 
_ this cross analysis have been expressed in terms of the 
i. predictive value of the symptom or sign relative to the 








Table HI. “Gynecologic” urodynamic 
classification (1277 patients) 
Classification 


Anatomic incontinence 
Idiopathic neuromuscular incontinence 
Mixed-type incontinence 





Table IV. Major subjective complaints 


Complaint e 
Frequency 73 
Stress incontinence 66 
Urgency | 64 
Urgency incontinence 44 
Nocturia 50 
Incomplete emptying 39 





























outcome of interest, the urodynamic diagnosis; relz 
odds express the degree of association between i 
symptom and the urodynamic diagnosis. D 


Results 


Demographic characteristics. The age span ¢ 
tients was from 8 to 96 years, with 52% of patients b 
between the ages of 36 and 55 and 72% between 
ages of 36 and 65. The range of parity was from. 
13 third-trimester deliveries with 75% of patients. 
ing experienced two or more such deliveries. ~ 

Of the study population, 57% had a history of p 
vious major gynecologic surgical procedures. Twen 
six percent of the population had undergone prev 10 
pelvic operation for urethral-vesical dysfunction: 
46% of all major gynecologic operations had been | 
urinary incontinence. Eighty-three percent of the | 
tients who had such a previous gynecologic-urolo; 
procedure had one or more transvaginal procedu 
15% had a retropubic procedure, and 2% had a co 
bined transvaginal/abdominal urethral-vesical sli f 

The commonest associated medical problems y 
obesity, defined as >2 SD above the mean for the 
tient’s height and age and seen in 31% of the referrals 
chronic cardiovascular respiratory disease and diab 
mellitus with their associated medical problems. we 
found in 5% and 3% of patients, respectively. At t 
time of first consultation, 29% of patients were rec 
ing medications with known neurouropharmacolo; 
effects, the most common being tranquilizers and p: 
chotropic drugs (11%), anticholinergic medicati 
(9%), adrenergic therapy for cardiovascular respirato 
disease (7%), and cholinergic therapy (2%). 

Clinical characteristics. The major. subjective sym 
toms are recorded in Table IV. In 64% of patients the 
was clinical evidence on examination of c ystoc ele eith 
alone (32%) or in combination with: varying degree 
uterine or vaginal vault i prolapse: (32%). 
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Fig. 1. Predictive value of history and examination. 


ible V. Association of clinical presentation and urodynamic diagnoses 





an 7 NPV 

Clinical symptom/sign % 
-oe Stress incontinence, 

». Urgency incontinence, 44 95 

44% 

- Stress and urgency 59 49 
-_. incontinence 

-Nocturia, 50% 36 67 

_ Cystocele 












forementioned epidemiologic techniques, of an 
idual’s subjective symptom or objective clinical ob- 
ation of those clinical manifestations and the out- 
ie of interest, the urodynamic diagnosis. 
able VI reveals the association between the history 
vious pelvic operation for urinary incontinence 
the outcome of interest, the urodynamic diagnosis 
pi tients with such a previous history and now re- 
ferred with symptoms of recurrent urethral-vesical dys- 
function. 








-Comment 

i Table VH shows the frequency in the population 
- under study of the major symptoms of urethral-vesical 
-dysfunction as determined by clinical history and the 
-frequency of those same symptoms among the two ma- 





Anatomic incontinence 





Uredynamic diagnosis 


Neuromuscular incontinence 







RO 
1.0 
0.3 66 81 3.8 
14 61 29 2.8 


0.4 46 83 i 
10.8 25 65 0.6 













jor categories of diagnostic interest, anatomic sphinc- = 


teric insufficiency and idiopathic neuromuscular dys- ie re 
function. E mete : ae 
From the cross-analyses studies it is apparent that 9 Pe 
many symptoms, although they express urethral-vesical 
dysfunction, have predictive values that are too low TFE 
help in classifying the type of dysfunction. aes 
There are exceptions, as, for example, nocturia, a > > 
symptom which predicts idiopathic n euromuscular dys- 
function rather than insufficiency of the sphincteric 
mechanism; however, 39% of patients with ` urody- 
namically diagnosed sphincteric insufficiency pre- 
sented with such a symptom. Also, urgency without” 
incontinence occurs mainly with symptoms of neuro: 
muscular dysfunction, yet 51% of patients with sphinc- | 
teric insufficiency reported this symptom. Twenty-nine — 
percent of patients whose presenting complaint was = 


















i Table VI. ‘Association of history of previous 
operation. for urinary incontinence 





Urodynamic diagnosis 










Neuromuscular 
incontinence 


: PPV | NPV PPV | NPV 
| (%) | (%) | RO | (%) | (%) 
Vaginal | 7 5 


. : ; 5 l 
Abdominal 55 44 10 38 70 L5 


Anatomic 
incontinence 


Type of 
procedure 





__- urgency incontinence urodynamically had sphincteric 
ao T insufficiency, and 17% of patients who complained of 
stress incontinence had urgency incontinence. 

An isolated complaint is strongly predictive of the 
final diagnosis. The complaint of stress incontinence 
strongly predicts sphincteric insufficiency and the com- 
plaint of urgency incontinence similarly predicts idio- 
pathic neuromuscular incontinence. 

The dilemma for the gynecologist is that the mean- 

: ing of the symptoms is an enigma in many patients, 
AON particularly when there is a multiplicity of subjective 
complaints. In this study of 1277 patients with “gyne- 
_ cologic” urethral-vesical dysfunction, 68.2% had ana- 
o tomic s ħincteric insufficiency and 22.2% had idio- 
o -pathic neuromuscular incontinence. However, of the 

= patients who complained of urgency incontinence, on 

‘urodynamic study, 29% had genuine stress inconti- 
nence; as a corollary, among patients who complained 
of stress incontinence, 17% of patients had motor in- 
stability and dyssynergia of the detrusor muscle. When 
the symptoms of both stress and urgency incontinence 

coexisted in the same patient, urodynamic studies re- 
| a “vealed. that 53% of patients had anatomic incontinence 
and 37% had neuromuscular incontinence. 

7 In summary, gynecologic patients presenting with 
[oir of urethral-vesical dysfunction, that is, sym p- 
toms of urgency, nocturia, urgency incontinence, and 

-stress incontinence, each symptom taken in isolation is 
-positively predictive of the major form of dysfunction. 

Anterior vaginal wall relaxation with or without pro- 
~ lapse is a positive predictive factor of loss of vesical neck 
Pe ‘support, predisposing to sphincteric insufficiency. 














Table VII. Symptoms of urethral-vesical 
dysfunction (1277 patients) 











Urodynamic diagnosis 


Neuro GM muscu 


Anatomic 


(%) 
























Symptom 





Frequency, 73% 63 88 E 

Nocturia, 50% 39 73 

Urgency, 64% 51 BA 

Urgency inconti- 29 65 
nence, 44% 

Stress inconti- 88 17 
nence, 66% 

Incomplete emp- 29 37 


tying, 39% 





The more complex the clinical presentation, ] 
more difficult the diagnosis of the underlying path 
physiologic state. In such patients urodynamic inve 
tigation and diagnosis of the clinical presentation a 
of value in the establishment of an accurate uredyna n 
diagnosis and of a rational plan for therapy. 
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incontinence: LA 16-5 -year review 


E. Morgan, M.D., G. A. Farrow, M.D., and F, E. Stewart, R.N. 


onto, Ontario, Canada 


etween 1968 and 1983, 281 patients with recurrent stress urinary incontinence and nine patients with 
rimary stress urinary incontinence were treated with a two-team (suprapubic vaginal) Marlex urethral sling 
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„Recurrent stress urinary incontinence following pri- 
ary anterior vaginal repair has been traditionally 
n treated i in North America with a suprapubic urethro- 
-pexy of the Marshall-Marchetti-Krantz or Burch type. 
: Failure of these secondary procedures is due to either 
breakdown or scar. Fixation of the base of the bladder 
_ in the retropubic space or to the anterior vaginal wall, 
often results i in an incontinent “drainpipe” urethra. For 
these. patients, a sling operation is required. A key to 
-the surgical success with any sling procedure is the com- 
plete release of the base of the bladder and the urethra 
_ froma bed of scar, followed by repositioning of the 
bladder neck i in an intra-abdominal retropubic position. 
7 “may. be safely accomplished by a two-team ap- 
E roach with a broad hammock of Marlex mesh used to 
l pend the bladder neck from Cooper's ligaments. 


















‘Material and methods 

om. January 1, 1967, to December 31, 1983, 281 
at “nts with recurrent stress urinary incontinence and 
e patients with primary stress urinary incontinence 
Fe treated with ¢ a two-team Marlex urethral sling op- 
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operation. Selection was based on the patient's history and the clinical demonstration of an anatomic 

efect in the closure mechanism of the urethra. The operative technique as described in 1970 remains 
changed. The bladder neck is released from the scar and replaced in a midretropubic position on 
ammock of Marlex mesh attached to Cooper’ s ligaments. Patients with a sloughed urethra had a sling 
peration in conjunction with the reconstruction of a neourethra. The overall success rate based on a 

num 5-year follow-up of 208 patients was 77.4%. There was a high failure rate in the sloughed urethra 
L ip. Significant overall complications include bladder neck obstruction and chronic cystitis. (Am J 


woul Bladder, urethra, Cooper’s ligament, cystometry, uretropexy 


In addition, two to five unsuccessful continence op- 
erations were performed in 149 patients, of whom 76 
had a vaginal repair followed by a Marshall-Marchetti 
operation, 30 had two vaginal repairs, 32 had three 
operations consisting of both vaginal and suprapubic 
procedures, nine had four operations, and two had five 
or more such procedures. 

Nine patients had a primary two-team sling operation 


because of vaginal vault fixation following abdominal | 


or vaginal hysterectomy or because of chronic cough 
due to chronic chest disease. E SEET 

Finally, 16 patients who presented with a totally 
sloughed urethra had a Marlex sling operation per- 
formed immediately following reconstruction of a 
neourethra from the anterior vaginal wall insulated by 
a Martius bulbocavernosus graft.’ ; 


Selection was based entirely on a precise histor y ando o = 
a clinical demonstration of an anatomic defect i ne eo 
closure mechanism of the urethra. Demonstration of ae 


restored continence with gentle. lateral vaginal fornix Ea 
elevation of the bladder neck in lithotomy or standing 
position with a bladder volume of 100 ml was accepted 


as evidence for the potential of the sling. Urethral pres- | eee 


sure studies done laterally did not influence the deci- - 


sion. All patients had cystoscopy, urethral panendos- 


copy, and either water or carbon dioxide cystometry to. 
confirm detrusor stability. Findings suggesting detru- _ 


sor instability did not exclude patients from operation 
if a urethral closure defect was evident and considered 


the major cause of both the stress incontinence and the i 
detrusor instability. E r a 
Lateral cystourethrograms with. the. abreescontr asto 
technique of Low? precisely defined the anatomic defect 
in the urethra and, most important, the pagn of he. 
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bladder neck in relation to the posterior surface of the 
symphysis pubis (Fig. 1). A high bladder neck often 
signaled increased technical difficulty in releasing the 
scar. Such studies also revealed five unsuspected ure- 
thral diverticula and two fistulas of the urethra. 

The technique, as described in 1970, remains un- 
changed.” The vaginal and abdominal teams working 
simultaneously, assisting each other under direct vision, 
completely release the bladder and urethra. Wide tun- 
nels are made through the scarred fascia of the perineal 
membrane after which the bladder and urethra are 
rendered totally mobile. The bladder neck is then re- 
placed in a midretropubic position, lying on a | to 2 
cm band of Marlex mesh suspended from Cooper's 
ligaments (Fig. 2). Minimal tension is demonstrated at 
the urethral-vesical junction by the ease with which a 
standard-size transurethral Foley catheter slides in and 
out of the bladder neck. The operation takes less than 
2 hours. Postoperative suprapubic catheter drainage 
was routine. Normal voiding patterns were usually es- 
tablished by the tenth postoperative day and most su- 
prapubic catheters were removed 12 to 14 days after 
the operation. 


Results 


Two hundred eight patients operated on between 
1967 and 1979 were interviewed personally or con- 
tacted by letrer or telephone; results were based on the 
follow-up of a minimum of 5 years (Table I). Nineteen 
patients could not be traced. The overall success rate 
of 77.4% rises to 80.9% if the 14 sloughed urethras 
and their 10 failures are excluded. 

In 82 patients recently operated on (1979 to 1983) 
who were followed up from | to 4 years, the overall 
success rate to date is 92.7% (Table H). 

Those patients who said they no longer required pro- 
tective pads and who were able to resume normal ac- 
tivity without stress incontinence were considered op- 
erative successes. 

Complications. There were no deaths. No slings 
have been rejected or removed. In 10 of 16 patients in 
the sloughed urethra group, an edge of Marlex mesh 
had pulled into the neourethra and Martius graft re- 
sulting in urethral stone formation. The Marlex mesh 
was Cut and removed transurethrally. The stones were 
removed, but all patients remain incontinent. To date, 
two have ileoconduits. 

In the main group (274 patients), two slings have 
pulled through the urethra, one after 3 years, the other 
| year after a repeat sling operation. In both instances 
the mesh was recently cut transurethrally and, although 
they remain continent, the result is uncertain. Two ad- 
ditional patients have required urinary diversion be- 
cause of severe chronic cystitis and end-stage con- 
tracted or systolic bladder. 


Marlex sling operation 225 











Fig. L Straining lateral cystourethrogram of patient with pre- 
vious vaginal repair and Marshall-Marchetii operation shows 
fixed drainpipe urethra. 


Fig. 2. Strip of Marlex mesh suspends the bladder neck from 
Cooper’s hgaments (el). 
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Table I. Results of 5-year follow-up of 208 patients (1967 to 1979) 





Previous operations Total Success 
l 84 71 
2? 120 86 
Primary sling 4 4 
Total 208 161 


No. lost to follow-up 


Failure (considered failure) % Success 
i 5 84.5 
34 14 TL7 

0 0 100 
47 19 7.4 










eT 3 3 


2 45 42 
wn Primary sling 5 5 
Torr 82 76 






Noa. lost ta follow-up 
(considered failures) 





Ge SUCCESS 





3 0) 90.6 
: 0 93.3 
0 0 100 

6 0 92.7 





: Prolonged postoperative urinary retention was rare. 
Twelve. patients with persistent outlet obstruction and 
-urinary retention required anterior transurethral re- 
section of the bladder neck. Two patients catheterize 
F themselves: routinely. Ten patients have recurrent cys- 
“titis relatëd to poor bladder empyting. 

That. significant wound infection was rare is attrib- 
“uted to the suprapubic catheter, which was an efficient 
drain. Six patients had large hematomas requiring 
drainage. Three had chronic catheter sinus tracts that 
were eventually excised, Although urgency and fre- 
quency. unrelated to demonstrable urinary tract infec- 
tion were common early postoperative complications, 
they persisted i in only 5% of patients. 


Comment 


Clinical par ameters continue to provide the most re- 
liable assessment in the diagnosis of recurrent stress 
urinary incontinence. We have not performed urethral 
flow and pressure studies in patient selection or diag- 
nosis. A cystometrogram, however, is essential to rule 
out an unstable bladder. A lateral cystourethrogram 
precisely defines the urethral defect, the position of the 
bladder neck, and the degree of pelvic floor scarring. 
-The two-team approach facilitates the operation, allow- 
. ing wide mobilization under direct vision, minimizing 
-blood loss, and eliminating urinary tract injury. With 
“experience, we have determined that a high retropubic 
placement of the bladder neck is not necessary, thus 
diminishing the incidence of postoperative bladder 
“neck obstruction and retention. This may account in 
part for the improved results since 1979. 

Excellent results with primary sling suggest that this 





operation should be considered more often than a pri- 
mary vaginal repair or primary retropubic urethropexy 
in patients who are at high risk because of hysterectomy 
scar or chrenic chest disease. 

Women with recurrent stress urinary incontinence 
following two or more unsuccessful operations have 
been termed salvage cases, implying poor results with 
further epeator: In this series, the overall success rate 
in this group at 5 years was 86 out of 120 (71.9%). 

These figures do not include as successes any patients 
who died or were lost to follow-up before 5 years. The 
actual success rate may therefore be marginally better 
than reported. The unacceptable high failure rate in 
the sloughed urethra group suggests that, following 
construction of a neourethra with bulbocavernosus 
graft, a technique of support other than an immediate 
suburethral Marlex sling must be developed. 

Certain patients who have had three or more pre- 
vious operations, although continent, have ongoing 
voiding problems. Some may have a partially dener- 
vated bladder. Although results in this group of pa- 
tients are only fair, the Marlex sling operation may be 
an acceptable alternative to total urinary incontinence 
or final urinary diversion. 
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The logical choice... 


or low breakthrou 
in each phase of 


with week-by-week 
simplicity 


with the progestogen- 
norethindrone 


Serious as well as minor side effects have been reported with the use 
of oral contraceptives. The physician should remain alert to the 
earliest manifestations of any symptoms of serious disease and 
discontinue oral contraceptive therapy when appropriate. 


Please see complete Prescribing Information, a summary of which 
follows. © OPC 1985 OJ-482 
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IRTHO-NOVUM* 7/7/7 Tablets (norethindrone/ethiny! estradiol) 

ih white tablet contains 0.6 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet contains 
75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg norethindrone and 
035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


APORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information provided with 
ie product and therefore should nat be used as the basis for prescribing the product. This summary was prepared 
y deleting from the complete prescribing information certain text, tables. and references. The physician shouid 
a thoroughly familiar with the complete prescribing information before prescribing the product. 


IDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

OSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shows a 
asitive association between the dose of estrogens in oral contraceptives and the nsk of thremboembolism. For 
ts reason. itis prudent and in kerang with good principies of therapeutics to munimze exposure to estrogen. The 
ral contraceptive product prescribed for any given patient should be that product which contains the least amount 
f estrogen that is compatible with an acceptable pregnancy rate and patient acceptance. lf 1s recommended that 
ew.acceptors of oral contraceptives be started on preparations containing .05 mg or less of estrogen. 
ONTRAINDICATIONS: Grai contraceptives shouid not be used in women with any of the following conditions: 1 
hrombophienitis ar thramboembolic disorders. 2. A past history of deep vein thrombophiebris or thrambcembo- 
disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5 
nown or suspected estrogen-dep2ndent neoplasia 6. Undiagnosed, abnormal genital bleeding. 7. Oral contracep- 
ve tablets may cause fetal harm when administered to a pregnant woman. Oral contraceptive tablets are 
gntraindcated n women who are pregnant. if the patient becomes pregnant while taking this drug, the patient 
sould be apposed of the potential hazard to the fetus see WARNINGS. No 5}. &. Benign or malignant iver tumor 
‘hich developed during the use of oral contraceptives or other estrogen-cantaining products. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. 
: This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in 
women over 35 years of age. Women who use oral contraceptives should be strongly advised not to smoke. 
_ The use of oral contraceptives is associated with increased risk of several serious conditions including 
thromboembolism, siroke, myocardial infarction. hepatic adenoma, gallbladder disease, hypertension. 
ToT prescribing oral contraceptives should be familiar with the following information relating to 
these risks. 


“THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased nsk of thromboemboir anc 
yombotic disease associated with the use of oral contraceptives is weil established. Four or-ocipal studies in Great 
fitain and three in the Ursted States have demonstrated an increased nsk of fatal and nonfatal venous 
tromboernbolism and stroke, both hemorrhagic and thrombotic. These studies estimate that users of ora! 
ontraceptives are 4 to 11 times more likely than nonusers to develop these diseases without avident cause. Overa’: 
xcess Mortality due to pulmonary embolism or stroke is on the order of 1.0 to 3.5 deaths annually per 100.000 
Sers.and increases with age. CEREBROVASCULAR DISORDERS: In a collaborative American study of cerebrova- 
cular disorders in women with and without predisposing causes, it was estimated that the nsk of hemorrhagic 
oke was 2.0 times greater in users thar in nonusers and the nsk of thrombotic stroke was 4.0 10 9.5 times greater 
users than innonusers Aprospective study conducted in Great Britam estimated that formar users have a nisk for 
cerebrovascular disease 2.6 times greater than that of nonusers. This risk remained elevated tor at least Six years 
Her last oral contraceptive use. A prospective Study conducted in the United States found that past use of orai 
ontraceptives was associated with increased risk of subarachnoid hemorrhage. the relahve nsk being 5 3. There 
ias also some evidence from this study that the degree of sk may be related to duration of oral contraceptive use 

FYOGARDIAL INFARCTION: An increased nsk of myocardial infarction associated with the use of oral contracep- 
ves. has been reported confirming a previously suspected association. These studies. conducted in the United 
ingdom, found. as expected, that the greater the number of underlying isk factors for coronary artery disease 
agarette smoking. hypertension, hyperchalesteroiemia, obesity. diabetes. history of preeclamplic toxenna), the 
gher the nsk of developing myocardial infarction. regardless of whether the patient was an oral contraceptive user 
not. Oral contraceptives, however. were found to be a clear additional risk factor. The arnual excess Case rafi 
ncreased sk) of myocardial infarction {fatal and nonfatal) in oral contraceptive users was estimated w 
pproximately 7 cases per 100,000 women users in the 36-39 age group and 67 cases per 100.000 wien ug 
ye 40-44 age group. in terms of relative nsk. if has been estimated that oral contraceptive users who & 
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a the United States Care‘ul epidermological studies to determine the 
th progestagen-only oral contraceptives have not been performed. 
g reported in women using these products. and they should not be 
ži REK The nsk of thromboembolic ang thrombotic disordars, in both users and 
wes, increases with age. Oral contraceptives are, however, an mdependent nsk factar 
$: FE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: 4 large prospective study 
a ve United Kingdom estimated the mortality rate per 100,000 women per year from diseases of the 
ircutatgry system for users and nonusers of oral contraceptives according to age, smoking habits, and duration of 
se. The overall excess death rate annually from curculatory diseases for orai contraceptive users was estimates 10 
e 20 per 100.000 (ages 15-34—5/100.000: ages 35-44—33/100,000; ages 45-49 —-140/100.000). the risk being 
oncentrated in older women. in those with a long duration of use, and in cigarette smokers. It was not possible. 
owever, to examine the interrelahonshins of age. smoking, and duration of use, nor to compare the effects of 
ontinuous versus termiten use. Although the study showed a 10-fold increase in death due to circulatory 
iseases in users for five or more years. all of these deaths occurred in women 35 or older. Unti larger numbers af 
momen under 35 with continuous use for five or more years are avarladie, tis not possidie to assess the magnitude 
f the relative risk for this younger age group. This study reports that the increased nisk of circulatory disease 
wrtality may persist after the pill is discontinued. Another study published at the same time confirms a previgusly 
sported increase of mortality m pili users from carchovascular disease. The study concluded that the mortality 
ssaciated with all methods of birth control :s low and below that associated with childbirth, with the exception of 
ral contraceptives in women over 40 who smoke. (The rates given for pill oniy/smokers for each age group are for 
mokers asaciass. For heavy smokers [mare than 15 cigarettes a cay], the rates given would be about doute: for 
light” smokers [iess than 15 cagarettes a day}. about 50 percent j The mortality associatec with ora: contraceptive 
$e in nonsmokers over 40 15 higher than with any other method of contraception in that age group The lowest 
nortality is associated with the condom or diaphragm backed up by early abortion. The risk of thromboembolic and 
hrombotic disease associated with oral contraceptives increases with age atter approximately age 30 and, for 
nyocardial infarction. is further increased by hypertension, hypercholesterolemia. obesity. diabetes, ar history ot 
ifeeclamptic toxemia and especially by cigarette smoking. The risk of myocardial mfarction in orai contraceptive 
sears is substantially increased in women age 40 and over, especially those with other nsk factors. The physician 
fid-the patient should be alert to the earliest manifestations of thramboembolic ang thrombotic disorders (eg. 
hrombophlehs, pulmonary embolism. cerebrovascular insufficiency. coronary occlusion, retina: thrombosis, 
në mesentetic thrombosis), Should any of these occur or be suspected. ihe drug should be discontinued 
jamediately. A tour- to six-fold increased risk of postsurgery thromboembolic complications has been reported in 
val contraceptive users If feasible. oral contraceptives should be discontmued at least four weeks betore surgery 
fa type associated with an ncreased nsk of thromboembolism or prolonged immobiization 2. OCULAR LESIONS 
"here have been reports of neuro-ocular lesions such as optic neuritis oF retinal thrombosis associated with the use 
if oral contraceptives. Discontinue oral contraceptive Medication if there ts unexplained, sudden or gradual, partai 
w complete foss of vision, onset of proptosis or diplopia. papiliedema: or retinat vascuiat lesions and institute 
ppropriate diagnostic and therapeutic measures. 3 CARCINOMA Long-term continuous administration of ether 
latural or synthetic estrogen in certain amma! species increases the frequency of carcinema of the breast. cer vex. 
agna and liver. Certain synthetic progestogens. none currently contained in orai contraceptives. have been noied 
o increase the incidence of mammary nodules. benign and malignant. in dogs. in humans. three case contro! 
tudies have reported an increased nsk of endometrial carcmoma associated with the proionged use of exogenous 
istrogen in postmenopausal women. One pubiication reported on the first 21 cases submitted by physicians to a 
egisiry of cases of adenocarcinoma of the endometrium n women under 40 on oral contraceptives. Of ine cases 
gund in women without predisposing risk factors for adenocarcinoma of the endometnum (e.g. iregular Dieeding 
it the time oral contraceptives were first given, polycystic avanes), nearly all occurred in waren who had used a 
wequential orai contraceptive. These products are no longer marketed No evidence has been reported suggesting 
IN increased nsk of endometnal cancer in users of conventonal combination of progestogen-only orai contracep- 
ives. Several studies have found no increases in breast cancer in women taking oral Contraceptives of estrogens. 
Jne study, however, while also noting no overall increased nsk of breast cancer im women treated with oral 
sontraceptives, found an excess risk 2 the subgroups of oral contraceptive users with documented benign Breas! 
fisease. A reduced occurrence of benign breast tumors in users of oral contraceptives has been well-documented 
nsummary. there is at present no confirmed evidence trom human studies of an mereased risk of cancer assoriated 
with oral contraceptives. Close chnical survediance of all women taking ora! contraceptives iS. nevertheless. 
sental In afl cases of unchagnased persistent or recurrent abnormal vaginal bleeding, appropnate ciagnas tc 
Teasures shouid be taken to rule out malignancy. Women with a strong family Mestory of breast cancer or who have 
yeast nodules. fbrocystic disease or abnormal mammograms should be monitored with particular care if hey 
dact to use oral contraceptives instead of other methods of contraception. 4. HEPATIC TUMORS Benign hepatic 
idenomas have been found to be associated with the use of oral contraceptives. One study showed that ordi 
sontraceptive formulations with high hormona! potency were associated with a higher sk Than lower potency 
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formulations and use of oral contraceptives with high hormonal potency and age over 30 years may further increase 
the woman s sk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause death 
through imtra-abdornmal hemorrhage. This has been reported in short-term as well as long-term users of oral 
contraceptives. Two studies relate sk with duration of use of the contraceptive, the risk being much greater after 
four or more years of oral contraceptive use While hepatic adenoma is a rare lesion. 1 should be considered in 
women presenting abdormna! pain and tenderness. abdominal mass or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relavonstp of these drugs to this type of 
malignancy i$ not known at this time. 5. USE IN OR IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN 
OFFSPRING. AND MALIGNANCY IN FEMALE OFFSPRING The use of female sex hormones—both estrogenic and 
progestational agents~ during early pregnancy may seriously damage the of spring. it has been shown that females 
exposed n utero to dethyistiibestro!. a nonsteroidal estrogen. have an increased risk of developing in later life a 
form of vaginal or cervical cancer that s ordinarily extremely rare. This risk has been estimated to be on the order of 
tto 4in 1000 exposures. ee there 1s no evidence at the present time tha! oral contraceptives further enhance 
the risk of developing this type of malignancy, such patients should be monitored with particular care if they elect to 
use oral contraceptives instead of other methods of contraception. Furthermore. a high percentage of such exposed 
women {from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these 
changes are testologically benign, itis not known whether this condition is a precursor of vaginal malignancy. Male 
chidren so exposed may develop abnormalities of the urogenital tract. Although simular data are not avaiabie with 
the use of other estrogens, it cannot be presurned that they would not induce similar changes. An increased risk of 
congenital anomakes. including heart defects and imb defects. has been reported with the use of sex hormones. 
including oral contraceptives. in pregnancy. One case control study has estimated a 4 7-fold increase in isk of 
umb-reduction defects in infants exposed in utero to sex hormones {orai contraceptives. hormonai withdrawal 
tests tor pregnancy or attempted treatment for threatened abortion}. Some of these exposures were very short and 
involved oniy a few days of treatment. The data suggest that the risk of imb- reduction detects in exposed fetuses is 
somewhat jess than one m 1000 hve births. in the past, female sex hormones have been used during pregnancy in 
an attempt to treat threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for 
these indications, and there is no evidence from well-controlled studies that progestagens are effective for these 
uses. There is some evidence that triplody and possibly other types of palyplowy are increased among abartuses 
trom women who become pregnant soon after ceasing oral contraceptives. Embryos with these anoma 
virtually always aborted spontaneously. Whether there is an overall increase in spontaneous ait 
pregnancies conceived soon after stopping oral Contraceptives is unknown itis recommended that 
who has missed two consecutive periods. pregnancy should be ruled out before contin: 
regimen it the patient has not adhered to the prescribed schedule. the possip 
considered at the time of the first missed penod {or after 45 days fro; 
progestogen-only oral contraceptives are used), and further use of oral cog 
pregnancy has been ruled out. If pregnancy 1s confirmed, the pate uid te 
fetus and the advisateiity of continuation of the pregnancy st 
recommended that women who discontinue oral contr 
alternate farm of contraception for a period gft 
three months although nc precise informatiag. 
ton of progestogen-only or progestogen-es 
as a test of pregnarcy. 5 GA DDER 
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years of use and dor ef studies, an increased msk was apparent 
between six and fal IO METABOLIC EFFECTS. A decrease in glucose 
tolerance | ; me of patients on oral contraceptives. For this reason, 


pciabel ty WServed while rece:ving oral contraceptives. An increase in 

+ bserved i patients recerwing ora! contraceptives. The clinical 
o Bgdetined. 8. ELEVATED BLOOD PRESSURE. An increase in blood pressure 
: BVing oral contraceptives. In same women hypertension may occur within a few 
meng g! aCeptive use. in the first year of use, the prevalence of women with hypertension is 
p may be no higher than that of a comparable group of nonusers. The prevalence int users increases. 
Ever, ger exposure, and n the fifth year of use 1s two and a Naif to three times the reported prevalence in 
rst yet Ae is also strongly correlated with the development of hypertension im oral contraceptive users. 
fmen who previously Rave had hypertension during pregnancy may be more likely tc develop elevation af blood 
assure when given orel contraceptives. Hypertension that develops as a result of taking oral contraceptives 


















~ usually returns to normal atter discontinuing the drug 9. HEADACHE. The onset or exacerbation of migraine or 


development of headache of a new pattern which is recurrent. persistent, of severe, requires Ciscantiuation of ora! 
contraceptives and evaluation af the cause 10. BLEEDING IRREGULARITIES. Breakthrough bleeding. spotting. anc 
amenarrhea are frequent reasons for patients discontinuing oral contraceptives in breakthrough bigeding, as i ali 
cases of regular bleeding from the vagina. nonfunctional causes should be borne in mind in undiagnosed 
persistent or recufrent abnormal bieeding from the vagina. adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. if pathology has been excluded. time or a change to another formulation may solve the 
problem Changing to an oral contraceptive with a higher estrogen content. while potentially useful in minimizing 
menstrual rregulanty. should be done only :f necessary since this may increase the risk of thromboembolic disease. 
Women with a past story of ohgomenorrhea or secondary amenorrhea or young women without reguiar cycles 
may havea tendency to ramain anovulatory or to become amenorrheic after discontinuation of oral contraceptives. 
Womer with these preexisting problems should be advised of this possibility and encouraged to use other 
contraceptive methods. Postuse anovulation. possibly prolonged. may also occur m women without previous 
itseguiarities. 11. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contraceptive 
failures. 12. BREAST FEEDING. Orai contraceptives given in the postpartum period may intertere with lactation, 
There may be a decrease in the quantity and quality of the breast mk. Furthermore, a sriali fraction of the hormonal 
agents in oral contraceptives has been identified m the milk of mothers receiving these drugs. The effects. if any, on 
the breast -fed child have not been determuned. if feasible. the use of oral contraceptives shouid be deferred unti the 
infant has been weaned. PRECAUTIONS: General: 1. A complete medical and family history should be taken prior to 
the initiation of oral contraceptives The pretreatment and penodic physica! examinations should include special 
reference io pioad pressure, breasts, abdomen and pelvic organs. including Papamcolaou smear and relevant 
laboratory tests As a general ruie, oral contraceptives should not be prescribed for longer than one year without 
another physical examination being performed. 2. Under the influence of estrogen-progestogen preparations. 
preexisting uterine lesomyomata may increase in size. 3. Patients with a history of psychic depress:on should be 
caretully observed and the drug discontinued it depression recurs to a serous degree. Patents becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method ot 
contraception in an attempt to determine whether the symptom 's drug-related, 4. Oral contraceptives may cause 
some degree af fag retention. They should be prescribed with caution, and only with caretul monitoring, in patients 
wilh conditions which might be aggravated by fluid retention. such as convulsive disorders, migrame syndrome. 
asthma, or cardiac or ranal insuffimency 5. Patents with a past history of jaundice dunng pregnancy have an 
increased sk of recurrence of jaundice while receiving oral contraceptive therapy. If jaundice develops in any 
patent recenwing such drugs, the mediation should be discontinued. 6. Steroid hormones may be poorly 
metabolzed in patents with impaired hver function and should be administered with caution in such patents. 7. Oral 
contraceptive users may have disturbances m normal tryptophan metabolism which may resultin a relative 
pyridoxine definency. The chmical significance of this is yet to be determined. 8 Serum folate levels may be 
depressed by oral contraceptive therapy. Since the pregnant woman is predisposed 10 the development of folate 
decency and the incidence of folate deficiency increases with increasing gestation. itis posable that if a woman 
becomes pregnant shortly after stopping ora! contraceptives, she may have a greater chance of developing folate 
deficiency and compkcations attnbuted to this deficiency. 9. The pathologist should be advised of oral 
contraceptive therapy when relevant specimens are submitted. 10 Certain endocrine and hver function tests and 
biood components may be affected by estrogen-containing oral contraceptives: a. increased sullobromophthalen 
retenhon b increased prothrombin and factors Vi. Vill IX, and X. decreased antthrombus 3. increased 
norepinephrine-inducec platelet aggregability. c. Increased thyroig-tindin qotur (TBG) leading to mcreased 
circulating totai thyroid hormone. as measured by protein-bound iodine (PBI). TA by column. or T4 by radioimmun- 
oassay Free T3 resin uptake is decreased. retiecting the elevated TBG. free T4 concentration ts unaltered. 8. 
Jecreased pregnaredic! excretion. e. Reduced response to metyrapone test INFORMATION FOR THE PATIENT: 
(See Patient Package insert). DRUG INTERACTIONS: Reduced efficacy and increased incidence of breakthrough 
hieeding have been associated with concomitant use of rifampin. A similar association has been suggested with 
hartiturates. phenylbulazone. phenytoin sodium. ampicillin, gnseotulvin. and tetracycline. CARCINOGENESIS. 
PREGNANCY. NURSING MOTHERS: See CONTRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An 
increased sk af the folowing serigus adverse reactions has been associated with the use of oral contraceptives 
(see WARNINGS} Thrombophlebitis. Pulmonary embolism. Coronary thrombosis. Cerebral thrombosis Cerebral 
hemorrhage Hypertension Gallbladder disease Liver tumors. Congenital anomakes. There is evidence of an 
association between the following conditions and the use of orai contraceptives, although add:ionai canfirmatory 
studies are needed. Mesenteric thrombosis. Neuro ocular lesions. eg., retinal thrombosis and optic neuritis. The 
following adverse reactions have been reported in patients receiving oral contraceptives and are believed to be 
drug-related: Nausea, usually the most common adverse reaction. Vomiting, occurs ir: approximately 10% or less of 
patients during tne first cycle Other reactions, asa general rule, are seen much less frequently of only occasionally. 
Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough oleeding. Spotting. Change in 
menstrual flow. Dysmenorrhea. Amenorrhea during and after treatment. Temporary mfertihty after discontinuance 
of teatment Edema Shioasma or melasma which may persist. Breast changes. tenderness. entargement. and 
secretion. Change m weight increase or decrease). Change in cervical erosion and Cervica secretion. Passibie 
durunutoen in lactation when given ummediately postpartum. Cholestatic raundice. Migraine. Increase in size af 
uterine leomyomeata. Rash (allergic). Mental depression. Reduced tolerance to carbonydrates. Vaginal candidiasis. 
Change in corneal curvature (steepening). intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives. and the association has been neither confirmed nor refuted: Premen- 
struai-ike syndrome. Cataracts. Changes in hido. Chorea. Changes in appetite. Cysttis-like syndrome. Headache. 
Nervousness. Dizziness. Hirsutism. Loss of scaip har. Erythema multitarme. Erythema nodosum. Hemorrhagic 
eruption Vaginitis. Porphyra. impaired renat function. Hemolytic uremic syndrome. OVERDOSAGE: Serious i 
effects have not teen reported following acute ingestion of large doses of oral contraceptives by young children. 
Overdosage may Cause nausea. and withdrawal bleeding may occur sn females. 
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D. M. Rosenthal, M.D., and R. Colapinto, M.D. 


Toronto, Ontario, Canada 


Recently great success was achieved at the Toronto General Hospital in treating patients with postoperative 
vaginal hemorrhage by angiographic methods. A retrospective review was performed from 1975 to 1984 
on eight patients treated by this technique for nine separate episodes of hemorrhage with a mean estimated 
blood loss in excess of 5000 mi. Success was achieved in seven episodes despite failure of various 

ate vaginal and abdominal approaches. One of the failures was due to previous bilateral hypogastric artery 
->> figation that made the bleeding branch inaccessible to the angiography catheter. The other patient 
developed bleeding following cesarean section which did not respond to angiographic embolization due to 
faulty technique. Both of these patients were eventually cured by abdominal surgery. We feel that 
“angiographic embolization is the procedure of choice in the management of postoperative vaginal 
“hemorrhage when conservative management has failed or is inappropriate; it can be lifesaving when all 
other attempts to stop the hemorrhage have failed. (AM J Osstet GYNecot 1985;151:227-31.) 







Key words: Angiographic embolization, postoperative vaginal hemorrhage, abdominal 


surgery 


Angiographic techniques have recently found great 
application 1 in the management of hemorrhage in ob- 
stetrics and gynecology. Many case reports have re- 
cently been published on the use of angiography in 
controlling bleeding from gynecologic malignancies,” 
menorrhagia,’ as well as in the treatment of post- 
abortal,*’ postpartum,*'® and postoperative hemor- 
rhage." In the past, angiography was only attempted 
as a last resort in patients who were considered poor 
surgical risks; with increasing success and experience 


_ the confidence in angiography has grown to the point 
ae where angiographic embolization can be considered an 


| ~~ integral part in the management of any patient with 
postoperative vaginal hemorrhage. 

The present study reports our experience with an- 
giographic techniques in the control of postoperative 
vaginal bleeding, and it further emphasizes the pre- 


-. ditional methods.’ The overall results suggest that 


_- failures and complications of angiographic arterial em- 


=> bolization can be minimized if a rational approach is 


followed and proper technique is used. 


Material and methods 


Since 1975 in the Toronto General Hospital, eight 
patients were treated by angiographic techniques for 
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significant postoperative vaginal hemorrhage in nine. 
separate episodes of bleeding. The profiles of these 
patients are shown in Table I. As is often the case, all. 
primary gynecologic surgery was performed for benign: 
disease in relatively young and healthy women. Un- 
fortunately each suffered from excessive postoperative 
vaginal bleeding, with shock and coagulation disorders | 
in many. Only Case 3 could be considered at high risl 
because of rheumatic heart disease, requiring mitral. 
valve replacement and use of anticoagulants. All except- 
Case 2 were referred from surrounding peripheral hos-. 
pitals for tertiary care. Cases 7 and 8 had persistent 
postoperative vaginal bleeding following cesarean sec- 
tion from a bleeding arterial vessel in the lower uterine - 
segment incision. 
Angiography consultation is available on a 24- -hour 
basis at the Toronto General Hospital, and referrals are 
encouraged from other hospitals where this service and 
expertise are not available. Ancillary facilities such a 
blood banks, intensive care monitoring, and other sur 
gical and medical specialists are readily available for 
assistance, which provide the angiographer with the 
time and confidence so necessary for a successful result... 
The actual procedure involves Seldinger puncture of 
the femoral artery under local anesthesia inan awake. 
patient. This technique is especially applicable to pelvic 
hemorrhage in young women with minimal vase ular 
disease because of the easy and direct access to the 
bleeding branches of the hypogastric artery by aps 
proaching the femoral artery on the opposite side. | 
The technical procedure should include the follow- 
ing series of steps’: (1) a baseline. aortogram is taken 
to outline the hypogastric arteries bilaterally and iden- 
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Packing; suture Suture of vault: Balloon catheter and Pulmonary conges- 
of vault bilateral hypo- Pitressin infusion of — tion; prolonged 
gastric artery li- right hypogastric hospitalization; | 
, gation artery wound infection 
Packing — Embolization of branch Good — 






of left hypogastric 
artery (coil)* En eset 
Packing; suture Suture of vault Embolizaticn of left Good until heparin | 





of vault hypogastric artery (4 restarted 
coils)* 
Packing — Embolization of right Good after heparin 
hypogastric artery restarted 
oe (coil)* 
ae: Packing; suture Suture of vault; Abandoned since Good; multiple 
ce | of vault bilateral hypo- arteries were ligated transfusions 


gastric artery li- 
gation; vascular 





an surgery* 5 
5B Packing = Embolization of branch Good 
a of left hypogastri ic 
artery {coil)* | . ¥en 4 
Packing; suture — Embolization of right Gluteal pain due to 
of vault hypogastric artery . refluxed coil 
| (Gelfoam +5 coils)* 
m Suture of incision Embolization of branch Wound infection; 
of left hypogastric coagulopathy 
Eo | artery (coal)* 
B Dilation and Suture of incision; Embolization of branch Good 


curettage hysterectomy* of left hypogastric 
artery (coil) 


enotes successful treatment. 


he bleeding. branch; (2) the tip of the catheter is or supplying a bleeding collateral vessel; (6) a postem- 
anced. distally toward the arterial bleeding site to bolization aortogram is mandatory to demonstrate no | 
imize hemostasis and minimize ischemia to adja- further extravasation. aT 
it tissues following embolization; (3) the artery can The entire procedure can be completed in consid: 
e embolized with any number of material*— erably <2 hours by a skilled angiographerin most cases. 
Ost ommonly used is gelatin sponge (Gelfoam), but See 
1€ at thors have had great success with the Gianturco "Analysis of results 7 eee 
iew) coil and have found it to be ideal for a bleeding The clinical course of each of the patients is oth d 
‘rminal artery with little need for restoring vascular in Table II. Cases 1 e dv were treated by oe 
ntinuity: (4) a postembolization film is taken toensure —__ yl- 
obstruction of the vessel; (5) the catheter i is then with- a 
drawn and inserted into: the contralateral hypogastric oa in 
ery to ensure e that one eofi its s branches i is not shad Ae 7 








Fig. 1. Aortogram demonstrating filling of the distal branch 
of the left hypogastric artery (arrow) despite previous ligation. 


the persistent hemorrhage. Angiography was success- 
ful for Case 1 because of a patent right hypogastric 
artery despite previous bilateral surgical ligation. This 
allowed the passage of a balloon catheter and infusion 
of vasopressin into the bleeding branch, which was 
_ lifesaving for that patient and heralded the use of this 
technique for other bleeding patients. The method it- 
self was cumbersome and associated with complications 
and was therefore replaced with embolization in future 
cases. 

Case 4 also underwent angiography following bilat- 
eral hypogastric artery ligation, but unfortunately the 
catheter could not reach the bleeding distal to the sur- 
gical ligature (Fig. 1). Therefore exhausting and dif- 
ficult vascular surgery was necessary to ligate the distal 
branches of the left hypogastric artery, which was suc- 
cessful in controlling the bleeding. 

Case 3 was at high risk because of her prosthetic 
mitral valve and anticoagulants. Selective angiographic 
arterial embolization controlled the bleeding from the 
branch of the left hypogastric artery despite failure of 
vaginal and abdominal approaches. Contralateral an- 
giography was not performed as described in the tech- 
nical portion of the previous section. The bleeding 
stopped until initiation of heparin therapy postopera- 
tively. Rather than use of surgery, angiography was 
repeated and the bleeding from the opposite side was 
controlled by embolization. It was felt that these were 
separate bleeding episodes at separate sites and signi- 
fied two successes of angiographic embolization rather 
than a failure. It is unlikely that the contralateral an- 
giogram would have demonstrated extravasation, since 
there was no bleeding clinically for 48 hours. 


a ae ‘Embolization techniques were successfully utilized in- 








Fig. 2. Film showing multiple coils in proper position in the: 
anterior division as well as refluxed coil in the posterior di- 
vision (arrow) of the right hypogastric artery. a 


stead of abdominal approaches in Cases 5 and 6, who 


sustained hemorrhage following vaginal operations. — 


Unfortunately, Case 6 developed temporary right glu- 
teal muscle pain following reflux of one of the coils into i 
the posterior division of the right hypogastric artery” 


conservative treatment. ; 

Cases 7 and 8 were included in this study because 
both had persistent severe vaginal hemorrhage follow: 
ing cesarean sections despite conservative attempts - 
which included intravenous oxytocin and antibiotics... 


Angiography was attempted following various failures 


of vaginal and abdominal surgery. Embolization was 


successful in Case 7, which also preserved her fertility. 


Case 8 was not as fortunate and eventually required a ` 
hysterectomy to control the bleeding. ae 


Comment 

Postoperative vaginal hemorrhage presents a great 
challenge to any surgeon. He is indeed fortunate to 
have the benefit of skilled angiographers at his disposal, 
who may have better access to the bleeding artery than 
the surgeon who would ligate it.’°'’ Despite the sim- 
plicity of the technique, success rates will vary depend- 
ing on the experience and skill of the angiographer. In 
order to achieve success and safety, it is necessary to: 
adhere to proper techniques and have adequate ancil- 
lary facilities available. : 

The only true failure of embolization occurred in . 
Case 8, who was still bleeding following the procedure. — 
The postembolization film showed occlusion of the : 
bleeding branch of the left hypogastric artery, but a _ 





“contralateral hypogastric arteriogram and aortegram 
< were omitted and the bleeding site was therefore not 
- identified. This unfortunate patient required a hyster- 
.. ectomy, which might have been prevented with stricter 
adherence to technique. 
<- Advantages of angiography over surgery include the 
«ability to localize the bleeding site in the majority of 
_ cases. It is then possible to provide a more distal occlu- 
` sion than surgical ligation. The surgical option is still 
- open for failures of embolization without having com- 
< promised the patient. Success or failure will soon be 
; -evident by clinically observing the patient’s bleeding. 
~~ Risks of the procedure in controlling pelvic hemor- 
oe rhage are minimal in skilled hands. Technical problems 
i -related to the arterial catheterization and embolization 
- should be virtually nonexistent in relatively young and 
~ healthy women. Ischemic complications such as fever, 
- pain, and tissue necrosis must be considered in patients 
with vascular compromise such as those with athero- 
+ sclerosis, extensive radical surgery, or previous radio- 
~therapy.’* ° Angiography is still useful for such pa- 
~ tients, but caution is advised in order to preserve the 
collateral circulation to surrounding organs. High flow 
~ rates in bleeding branches of the hypogastric artery 
tend to protect against reflux of the embolus.” This 
< complication occurred in Case 6 because the bleeding 
artery was converted to a low-flow system by packing 
it with Gelfoam prior to embolizing it with coils. Thus 
injection of additional emboli into an embolized vessel 
-- permits reflux and should be performed with extreme 
~ Caution. 
` Radiation exposure and renal toxicity of angio- 
» graphic dyes are potential risks that the angiographer 
-should be aware of. 
Various types of embolization material are available. 
< Gelfoam is most commonly used because of its avail- 
~ ability and resorption capability allowing restoration of 
. vascular integrity. This might be important in the em- 
< bolization of bleeding organs, but the Gianturco coil 
_ has been found to be suitable for bleeding from a ter- 
minal artery in which a ligature has slipped. 
O A rational approach to the management of patients 
with: postoperative vaginal bleeding shouid therefore 
include the following considerations: 
=od. Resuscitation. Hypovolemia should be treated with 
- fluid replacement and infusion of blood and the ap- 
- propriate blood products. Intensive care monitoring 
and coagulation studies are performed as clinically in- 
~ dicated, 
2. Examination. Specific attention should be directed 
` to the amount and location of the bleeding, which will 
~ guide the angiographer in his approach to the appro- 
- priate femoral artery. 
: 3 . Vaginal approach. A vaginal approach is appro- 








priate if bleeding is from an artery at the vaginal vault 
which can be ligated. Vaginal packing is useful for ve- 
nous oozing but should be abandoned if the bleeding 
is brisk or the packing is already soaked. | 

4. Angiographic embolization. Embolization should be 
considered early in the course of events while the co- 
agulation status and vital signs are relatively normal. It 
is safe, simple, and effective and will eliminate major 
surgical procedures for the great majority of patients. 
In the event of faled embolization, serious consider- 
ation should be given to a repeated attempt at angiog- 
raphy if clinically appropriate. 

5. Abdominal surgery. Surgery should be reserved for 
failures of angiographic methods. It should be empha- 
sized that repeated surgery can be extremely difficult 
because of edematous tissues, distorted anatomy, and 
lack of familiarity with the retroperitoneal space. The 
risk of damage to adjacent structures is significant. One 
can question the added effectiveness of bilateral hy- 
pogastric artery ligation following bilateral hypogastric 
artery embolization. 

Angiography following hypogastric artery ligation 
can create technical difficulties that are not insur- 
mountable. This situation has been successfully man- 
aged by identifying the collateral vessel feeding the 
distal hypogastric artery and embolizing it’ ’ or infusing 
vasopressin into it.” In retrospect, Case 4 might have 
been managed in this manner and further surgery 
might have been prevented. 

In conclusion, angiographic arterial embolization has 
proved itself to be a most useful clinical tool in the 
management of postoperative vaginal hemorrhage. It 
should prevent needless procrastination by the surgeon 
who is reluctant to reoperate on a compromised bleed- 
ing patient. A skilled angiographer should be consulted 
early in the course of events to assist in the management 
of these patients. If principles are adhered to, a high 
success rate with minimal morbidity should follow, 
thereby preventing major abdominal surgery in a great 
majority of cases. 
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Perinatal factors associated with death or handicap in very 


preterm infants 
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That death or major developmental handicap ts associated with prematurity and low birth weight is well 
recognized. The importance of other perinatal factors related to presentation and management, however, 
is far from certain. In an attempt to elucidate the importance of some of these factors, data from 383 
live-born infants delivered at 26 to 30 weeks’ gestation were analyzed. All infants were born in a tertiary 
perinatal unit and long-term follow-up had been carried out on the survivors for at least 1 year. A group of 
39 infants who died in the neonatal period and 34 infants with long-term handicap were compared with 
matched normal control infants. Perinatal factors related to outcome were analyzed and it was found that, 
while initial poor condition at birth was correlated with death, there were few predictors of subsequent 
handicap. More refined methods of both prenatal and neonatal assessment are required to define these 


factors. (AM J OpsTET GYNECOL 1985;151:231-8.) 
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It has been realized for many years that infants de- 
livered prematurely are associated with an increased 
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occurrence of neonatal mortality as well as an increased 
chance of long-term handicapping conditions, com- 
pared to infants born at term.’ These are the result of 
immature physiologic mechanisms for dealing with the 


"requirements of extrauterine existence, demonstrated 


by difficulties in respiratory control and gas exchange 
as well as immaturity in many other organ systems. 
Long-term handicaps are primarily the result of in- 
sults occurring in the immature brain, either by hem- 
orrhage from poorly supported blood vessels or 
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Table I. Handicaps defined in cane 
„survivors 


No. of 


Handicap damaged survivors 


- Cerebral palsy 


Mild to moderate motor disabil- 15 
ity, normal intelligence er 
mal schooling) 

Severe motor disability, wii: or 6 
without blindness, normal 
intelligence (special schooling) 

Any degree of motor disability 6 
plus mental retardation 
(special schooling) 


Mental retardation (normal motor 5 
skills) 

Behavior problems ] 

Hydrocephalus (normal de- l 
velopment) 


through ischemic damage, hypoglycemia, or other ad- 
verse factors.** 

Nevertheless, with the advances in perinatal care, 
both obstetric and neonatal, the outlook for prema- 
turely born infants has improved dramatically over the 
past two decades.*® There is a need to attempt to define 
those adverse factors that increase the chances of death 
or handicap in this group of infants, since the mech- 
anisms involved in the pathogenesis of many of these 


_are poorly understood. 


Many of our current approaches to the perinatal 
management of prematurity may not be able to stand 
up to close scientific scrutiny. Among these are the use 
of cesarean section in the premature breech and the 


administration of tocolytic oo for the aes or pre- 
‘vention of premature labor.” 
There has been a realization that the measurement | 


criteria of improvements in perinatal care should no 
longer be confined to those defined in mortality statis- 


- tics but should include some attempts to ascertain mor- 


bidity outcomes.® ® Indeed, this has not been a belief 
confined to perinatology but has become an integral 


part of the cost-effectiveness assessment of many pro- ` 


grams in health care. Until recently, the development 
of adequate follow-up programs for the assessment of 
high-risk newborn infants has been delayed by the em- 
phasis on providing the service components of high- 


. risk perinatal care. 


Several authors have raised serious concerns regard- 
ing the appropriateness of the provision of perinatal 
care to extremely low—birth weight infants. These con- 


cerns have been related to cost-benefit considerations . 


as well as morbidity suffered by a significant proportion 
of these infants. Data are not readily available, how- 
ever, to assist in defining groups in whom the major 
gain may be obtained by the application of currently 
available knowledge and technology. 
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Table II. Factors analyzed for each study infant 





Pregnancy 
Predelivery time in unit 
Pregnancy complications (premature labor, premature rup- 
ture of membranes, antepartum hemorrhage, etc.) 
Singleton or twin 
Preexisting maternal disease (for instance, diabetes, hyper- 
tension) 
Delivery 
Vaginal or cesarean section 
Membranes intact or not intact 
Antenatal betamethasone therapy (time before delivery >36 
hr) 
Fetal heart rate, normal or abnormal 
Type of anesthesia 
Infant 
Weight, gestational age 
Appropriate for gestational age or small for gestational age 
Apgar score 
Cord vein pH and base deficit 
Assisted veniilation and diagnosis 
- Pneumothorax 
Duration of assisted ventilation (intermittent positive pres- 
sure ventilation or continuous positive airway | 
pressure) 
Duration of oxygen therapy 
= Maximum Før, pressure, and rate 
Patent ductus arteriosus 
Lowest blood pressure (0-72 hr, hourly measurements) 
Highest blood pressure z 
Need for plasma transfusion 
Subependymal or intraventricular hemorrhage (grade) 
Time to diuresis (output exceeding input) 
Infection 
Initial hemoglobin, lowest and highest white blood cell count 
Platelet count (<100,000/mm°) 


The present study is an attempt to define factors 
associated with poor outcome in a group of premature 
infants born in a single tertiary care perinatal unit. 


Material and methods 


The study population was taken from all infants born 


in the Perinatal Unit of Women’s College Hospital at 


an obstetric gestation of <32 weeks, between January 
1, 1979, and December 31, 1982. 

In total, there were 730 live-born infants during that 
period of time." All infants with congenital anomalies 
incompatible with life were excluded. The study group 
was further defined by exclusion of infants less than 
26 weeks and more than 30 weeks of gestational age. 

The reasons for these exclusions were to concentrate 
the analysis on those infants whose perinatal manage- 
ment possibly would not have been compromised by 
borderline gestation and to include only those who had 
been personally evaluated in our follow-up program. 
= This left a group of 383 live-born infants with ges- 
tations from 26 to 30 weeks at delivery, all of the sur- 
vivors having been followed up in the Clinic for at least 
I year. 

In this population, there were 39 infants who did not 
survive and 24 infants who were considered to dem- 
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Table III. Comparison of prenatal and delivery data (39 dead infants versus 39 control infants) 





Factor 


Premature labor 9 

Premature rupture of 19 
membranes >24 hr 

Antepartum hemorrhage 11l 
or other 

Predelivery time in Unit 30 
<] day 

Singleton 28 

Twin 1] 

Vertex | 23 

Breech 15 

All complications 13 

Vaginal delivery 14 

Cesdrean section 27 

Membreznes intact 16 

Fetal heart rate normal 17 

Betamethasone therapy 1] 
>36 hr 

General anesthesia 23 

Epidural anesthesia 15 

Male/femiale | 24/15 

Small for gestational age - 13 

*p < 0.05. 
tp < 0.005. a ‘ 


onstrate significant handicap at follow-up. These in- 
fants were all seen by one of the authors (E. M. H.) 
and were considered to be handicapped if a motor, 
mental, or combined deficit. was discovered that was 
sufficiently severe to be expected to interfere with nor- 
mal functioning.® The list of handicaps found is shown 
in Table I. | 

The dead and handicapped infants were paired with 
the infants born Closest to their dates of birth with the 
same gestational ages who did not demonstrate abnor- 
mality at follow-up. 

There were, therefore, 146 infants included in the 
detailed analysis, 39 dead plus 39 control, and 34 hand- 


icapped plus 34 control. The same control infants were - 


not used for both dead and handicapped groups. Ob- 
stetric and neonatal variables were recorded for each 
infant and these data were coded and analyzed. The 
data recorded for each of the study infants are shown 
in Table II. 

Statistical analysis was carried out by Student’s ¢ test 


for numerical data and X° analysis. with the Yates cor- 


rection for incidence data. 


Results _ | 
The mean gestational ages and weights of the groups 


were thus not significantly different, demonstrating ad- 


equate control selection. The group of dead infants had 
a mean weight at birth of 960 + 264 gm and a gestation 
of 27.6 + 1.6 weeks, compared to 1021 + 239 gm and 
27.5 + 1.3 weeks in the control infants. _ 

The group of handicapped infants had a mean 


18 3.625 0.034* 

16 0.207 0.79 

14 1.58 0.144 

17 7.709 0.00304+ 

32 0.65 0.358 

7 0.65 0.358 

90. 0.207 0.79 

12 0.227 0.747 

10 0.246 0.711 

12 0.0577 1.614 

27 0.060 1.58 

15 0.0 i 

30 7.709 0.00304t 

2] 4.292 0.0225* 

29 = 00 — 

11 0.659 0.354 
14/25 4.157 0.025% 

6 2.505 0.072 


weight of 1078 + 208 gm and a gestation of 28.2'+.1.0 
weeks, compared to 1032 + 184 gm and gestations of 
28.1 + 1.2 weeks for the control infants. 

Dead infants versus control infants. The results of 
the analysis of prenatal delivery factors in the group of 
dead infants versus control infants are shown in 
Table III. | 

Fewer of the dead infants had premature labor as a 
complication. Other complications, however, such as 
prolonged rupture of the membranes, antepartum 
hemorrhage, maternal diabetes, toxemia, or hyperten- 
sion, were not seen more commonly in the dead group 
compared to the control group. 

The presentation of the fetus, mode.of delivery, and 


type of ‘anesthesia used were not different in the 


groups. However, a period of time in the Perinatal Unit 
of <1 day, an abnormal fetal heart rate pattern prior 
to delivery, and a course of antenatal betamethasone 
of <36 hours’ duration were all more common in the 
dead group. 

The state of the membranes at delivery upie or 
intact) was not different in the dead and control groups. 

Smallness for gestational age, diagnosed either prior 
to delivery or afterward, was slightly more common in 
the dead group than in the control group (13 of 39 vs. 
6 of 39, p < 0.10). 

There was a slight increase in the proportion of male 
infants who died. 

The condition at birth of the group of dead infants 
versus the control infants is shown in Table IV. 

There were significant reductions in both l- and 5- 
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Table IV. Numerical neonatal factors in dead infants versus control infants eal 


O nomaaa 


Mean gestation (wk) 27.6 + 1.6 
Mean weight (gm) 960.5 + 264.0 
Apgar score at 1 min 3.8 + 2.4 
Apgar score at 5 min 6.6 + 2.4 
Cord venous pH 7.26 + 0.14 
(n = 31) 
Cord base deficit 8.2 + 5.4 
Duration of assisted ventilation 3.2 22:9 
(days) 
Duration of oxygen therapy 3.2 2 29 
_ (days) 
Maximum oxygen (mm Hg) 88.8 + 15.9 
Maximum pressure (cm H0) 97.2 + 5.7 
Maximum rate (bpm) 77.4 + 16.5 
= Lowest blood pressure (mm Hg) 39.7 + 8.3 
Highest blood pressure-.(mm Hg) 70.3 + 15.3 
Time to diuresis (hours) 33.3 + 20.7 


N/A = Not applicable. 
*p < 0.005. 
Tp < 0.05. 


27.54 + 1.33 0.078 0.97 
1020.8 + 239.4 1.055 0.148 
4.9 + 2.2 2.226 0.124 
8.5 + 3.5 3.064 0.0017* 
7.34 + 0.09 2.58 0.0067 
(n = 27) 
4.8 + 3.8 2.724 0.0042* 
7.8 + 10.2 N/A — 
31.8 + 23.9 N/A — 
50.8 + 16.2 N/A — 
20.3 + 5.7 N/A — 
46.8 + 17.8 N/A — 
48.0 +90 ` 3.367 0.0008* - 
71:5- 10.7 0.431 0.836 
24.3 + 21.1 1.674 0.0478+ 


Table V. Comparison of prenatal and delivery data (34 handicapped infants versus 34 control infants) 


Factor 
Premature labor 20 
Premature rupture of 15 
membranes >24 hr 
Antepartum hemorrhage 7 
or other 
Predelivery time in Unit 21 
<1 day f 
Singleton 28 
Twin 6G 
Vertex 14 
Breech 17 
All complications 8 
Vaginal delivery 9 
Cesarean section 25 
Membranes intact 17 
Fetal heart rate normal 22 
Betamethasone therapy 15 
>36 hr . 
General anesthesia 25 
Epidural anesthesia 5 
Male/female — 15/19 
Small for gestational age 6 


*p < 0.05. 


minute Apgar scores in.those who died, compared to 
the surviving normal control infants, and this was con- 
firmed by equivalent lowering of mean cord venous pH 
‘and elevated base deficit. These infants also had a lower 
blood pressure recorded in the first 72 hours of life 
than did the control group. The highest blood pressure 
measured during this period was not different in the 
dead and control groups. In the dead group a longer 
time was required for urine output to exceed fluid in- 
take (time to diuresis). They required plasma trans- 
fusion more often than the control group. 

It was not considered suitable to compare ventilatory 


; 


19 0.0 — 
10 1.012 0.239 
5 0.1012 1:192 
19 0.0607 1.571 
29 0.0 — 
5 0.0 
21 2.119 0.095 
10 2411 0.089 
5 0.38 0.535 
13 0.605 0.379 
21 0.605 0.379 
16 0.0 = 
23 0.0 — 
15 0.0, = 
18 2.277 0.085 
13 3.7022 0.0326* 
18/16 0.235 0.732* 
7 0.0 — 


parameters in the dead versus control groups, since 
those who died tended to do so in the first few days 
and, therefore, were given assisted ventilation for a 
shorter period of time. In addition, higher inspired 
oxyger concentrations, ventilatory peak pressures, and 
ventilator rates probably reflect terminal care as well as 
poorer lung function, and it was not possible to assess 
the relative contribution of each of these factors. 

Handicapped infants versus control infants. The 
results of analysis of prenatal and delivery factors in 
the handicapped infants compared to control infants 
is shown in Table V. ~ 
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Table VI. Numerical neonatal factors in handicapped infants versus control infants (+SD) 


Neonatal factor 


Mean gestation (wk) 28.2 + 1.0 


Mean weight (gm) 


Apgar score at 1 min 4.8 + 2.2 
‘Apgar score at 5 min 7.6 + 127 
Cord venous pH 7.31 + 0.0 
(n = 25) 
Cord base deficit 5.6 + 5.3 
Duration of assisted ventilation 7.9 + 5.8 
(days) 
Duration, of oxygen therapy 27.9 + 17.2 
(days) 
Maximum oxygen (mm Hg) 58.4 + 19.9 
Maximum pressure (cm H,QO) 212 26.5 
Maximum rate (bpm) 50.4 + 18.2 
Lowest blood pressure (mm Hg) 44.7 + 11.9 
Highest blood pressure (mm Hg) 68.3 + 15.2 
Time to diuresis (hr) 20.7 + 10.2 
*p < 0.005. 
Tp < 0.05. 


Table VII. Other neonatal variables 


1077.9 + 207.9 


28.1 ż 1.2 0.227 0.91 
1031.9 + 183.5 0.968 0.83 
5.0 = 2.3 0.324 0.87 
1.82 15 0.754 0.77 
7.33 + 0.06 0.85 0.798 
(n = 23) 
4.9 + 2.9 0.555 0.794 
5.6 + 6.7 1.46 0.0728 
31.8 + 23.9 0.152 0,937 
45.8 + 18.4 2.62 0.005* 
18.9 + 6.4 1.396 0.082 
40.2 + 22.7 1.975 0.025+ 
47.9 + 10.4 0.69 0.75 
67,3 = 11.7 — — 
26.2 + 15.8 1.57 . 0.059 


0.898 16.2 + 2.4 1.63 0.052 
— ae 34 0.0 — 
0.024* 16 13 0.24 0.72 
<0.00017 15 21 1476 0.16 
0.41 5 8 0.38 0.54 
N/A 19 17 0.059 1.59 
0.00065T 16 14 0.059 1.59 
— ] 4 0.863 0.28 
0.000477 16 4 8.571 0.0019} 
0.039* 19 14 0.942 0.26 


Initial hemoglabin level ` 156 £25 I55£19 0.255 
Assisted ventilation - 36 37 0.0 
Respiratory ciagnosis . 
Respiratory distress syn- 26 16 4.18 
drome | 
Wet lung syndrome 4 22 21.17 
Pneumothorax i 14 10 0.54 
Patent ductus arteriosus 8 2] N/A 
Plasma transfusion 31] 16 10.49 
Subependymal! hemorrhage ' l 2 0.0 
Intraventricular hemorrhage 21 6 1T.10 
Infection 28 19 3.43 
*p < 0.05. 
Tp < 0.005. 


In the group of infants with handicaps detected at 
follow-up, there was a slight increase in the number 
who were found to be breech presentations (p = 0.09). 
This effect was not associated with vaginal delivery 
since, of the total of 27 infants in the handicapped 
group plus control infants who were breech presen- 
tations, all but four were delivered semielectively by 
cesarean section. 

Epidural anesthesia was used more frequently in the 
control group than in those who were handicapped 
(p < 0.05). 

There was a slight preponderance of female infants 
in the handicapped group compared to the control 
group (19 of 34 versus 16 of 34), but this was not sig- 
nificant. l 

In the handicapped group, the incidence of infants 
who were small for gestational age was not increased 
over that in the control group. _ 

The condition at birth is shown in Table VI. When 
the infants who were handicapped were compared to 


the control. infants, there were no significant differ- — 
ences found in condition at birth. All values for mean 
Apgar scores, cord venous pH, and base deficit ap- 
peared to show a trending toward the better in the 
control group, but none of the differences were sig- 
nificant. The duration of assisted ventilation was longer 
in the handicapped group and the maximum inspired 
oxygen concentration, peak ventilatory pressures, and — 
highest ventilator rate were all increased in this group 
compared to the control group. 

There were no differences in the lowest and highest 
recorded blood pressures (first 72 hours) or the need 
for plasma transfusion in the handicapped and control 
infants. 

The time to diuresis (output exceeding input) in 
hours was longer-in thescontrol group than in those 
who were handicapped 

Other neonatal factors. These results are shown in 
Table VII. 

Dead versus control infanis. There was no difference 


, 
| 


* " " r ` ‘ 
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in the initial hemoglobin levels between the dead and 


control groups, and virtually all infants in both groups | 


were treated with assisted ventilation since, in this unit, 
it is usual to provide this support to any infant weighing 
<1500 gm who demonstrates respiratory difficulty. 
Respiratory distress syndrome, as defined in a pre- 
vious report,'* was diagnosed much more frequently in 
the dead group, whereas wet lung syndromie was found 
more often as a respiratory diagnosis in the control 


‘group. The incidence of pneumothorax was not dif- 
cn in the two groups. 


« Intraventricular hemorrhage of grade II and above 


.. was seen in a larger number of the dead infants than - 


in the control infants, whereas there was no difference 
in the incidence of isolated subependymal HEMON NEEE 
(grade I). 

Until mid- 1980, the degad of intracranial hem- 
orrhage was on clinical and autopsy grounds; since that 
time routine real-time sector ultrasound scans have 
been performed on the fourth day of life and repeated 
as indicated. 

Infection, defined as sepsis, meningitis, pneumonia, 
or necrotizing enterocolitis, proved or suspected by 
white blood cell counts of <5000/mm? or >30,000/mm? 
or a platelet count of below 100,000/mm?, was seen 
more frequently in those who died than in the control 
group (p < 0.05). 

It was not considered appropriate to compare the 
incidence and severity of patent ductus arteriosus in 
the dead and control groups, since many-of the dead 
infants died ‘too early to have developed signs and 
symptoms of this condition. 

Handicapped infants versus control infants. There were 
no significant differences in initial hemoglobin level, 


need for assisted ventilation, type of respiratory disease _ 


diagnosed, incidence of patent ductus arteriosus, pneu- 


‘mothorax, or proved or suspected infection between 
the handicapped group and the control group. 


The handicapped infants required a longer period 
of assisted ventilation, higher inspired oxygen concen- 
trations, and higher pressures and rates than did the 
control infants, but there was no difference in the over- 
all time in oxygen therapy. . 
~ There was also no significant difference in the high- 
est or lowest blood pressure recorded between the 
handicapped and control groups. In the control group 
compared to the handicapped group, a slightly longer 
time was required to reach diuresis. 

The incidence of intraventricular hemorrhage was 
again significantly associated with the handicapped 
group when compared with the control group 
(p < 0.005). 


Comment — i 


This study was undertaken in an attempt to delineate 
factors militating against an intact outcome in a group 
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of high-risk infants subjected to a standardized obstet- 
ric and neonatal approach in an integrated perinatal 


facility. All high-risk pregnancy situations were man- 


aged according to the policies of the unit, and all new- 
born infants were subject to the same approach. 14 

In the interpretation of the data, it is understood that 
the conclusions of the study are specific to the popu- 
lation delivered at Women’s College Hospital, 

It would appear that, contrary to our traditional un- 
derstanding, there is a difference between the factors 
leading to death of the newborn infant and those lead- 
ing to damage in survivors at the same gestational age. 
The initial condition of the infant, as evidenced by Ap- 
gar scores, cord vein pH, and base deficit, appears to 
be correlated with neonatal death but does not seem to 
be related to subsequent handicaps. Prenatal factors, 
related to both pregnancy complications and maternal 
disease processes, seem to be relatively unimportant in 
ascertaining whether the infant will survive. The find- 
ings of significant association with death and time in 
thé Perinatal Unit of <1 day, an abnormal fetal heart 
rate prior to delivery, and time of betamethasone ad- 
ministration of <36 hours may simply reflect that the 
fetal condition was assessed as severely compromised 
prior to the decision to deliver. i 

It has been demonstrated that, in the infant with 
respiratory distress, the time to diuresis is a measure 
of recovery; those with a shorter time to maximum 
diuresis have both an increased survival and a shorter 
time on assisted ventilation. The finding of a signifi- 
cantly loriger time to initiation of diuresis, defined in 
this study as the age in hours at which output exceeded 
intake, in the dead infants would tend to support this 
finding. 

As might be anticipated, intraventricular hemor- 
rhage was found more frequently in infants who died 
than in those who survived and were normal. Infection, 
either proved or suspected, was also seen more often 
in those who died compared to those who did not. 

In this study, however, contrary to other reports, the 
occurrence of pneumothorax and patency of the ductus 
arteriosus was not seen significantly more often in those 
who died than in those who survived. These have been 
associated, in other reports, with the development of 
intracranial hemorrhage.’* '’ This association was not 
seen in our study and, indeed, a separate analysis could 
not define perinatal factors associated with the occur- 
rence of intracranial hemorrhage that were different 
from those in infants who did not suffer this compli- 
cation. This seems to confirm a previous finding from 
this Center reported recently." 

In the comparison of handicapped infants with their 


control group, very few significant differences were 


found in this study, particularly in the predelivery pe- 
riod. Breech presentation occurred significantly more 
often in those handicapped versus the control group. 
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The finding of poorer, long-term outcome in infants 
who have been in a persistent breech position, irre- 
spective of the mode of delivery, has been reported in 
the past and seems to hold even when infants with 
known abnormalities associated with neurological ab- 
normalities are excluded, as in this study.'**° 

The finding of an increased use of epidural anes- 
thesia in those surviving normally over those surviving 
with handicap may indicate that there was more time 
available to deliver the former, or it may indicate some 
adverse effect of general anesthesia in this group of 
very low—birth weight infants. 

In the infants in this study, there was no evidence 
that the initial condition at birth, predictable from ab- 
normalities in fetal heart rate patterns prior to delivery 
or as actually measured by Apgar scores, cord vein pH, 
or base deficit, was predictive of a normal outcome 
versus an abnormal one. This was in contrast to the 
findings in the group that died and is contrary to the 
findings of most in the field. 

The infants who were handicapped.did require a 
longer period of assisted ventilation, with higher pres- 
sures, rates, and inspired oxygen concentration, sug- 
gesting a worse acute course, although the time to di- 
uresis was not greater than in the control infants and, 
indeed, appeared to be somewhat shorter. The hand- 
icapped infants did not develop pneumothoraces more 


often, however, and did not require a longer time of - 


receiving oxygen, suggesting that chronic lung damage 
was no more frequent in those with subsequent hand- 
icap than in the normal control group. Elevation or 
lowering of blood pressure, the need for plasma trans- 
fusion, and the development of a significant patent duc- 
tus arteriosus were no different in the two groups. 
These findings all suggest that the circulatory homeo- 
Stasis in the two groups was not significantly different. 

Intraventricular hemorrhage, however, was found 
more frequently in those showing subsequent handi- 
cap, compared to the normal control infants, as it was 
in the dead group versus the control group. Inasmuch 
as no differences were demonstrated in this study be- 
tween handicapped and control groups with respect to 
initial status at birth and severe complications in the 
neonatal period that might be expected to be associated 
with intraventricular hemorrhage, it is clear that this 
. study fails to shed any light on the perinatal factors 
- responsible for the development of this complication. 
Moreover, there were handicapped infants who did not 
have intraventricular or other intracranial hemorrhage 
and who did not differ in the perinatal factors from 
infants who had these hemorrhages. l 

The place of ischemic lesions in this particular series 
was not evaluated, but no differences in occurrences 
likely to be associated with hypoperfusion were de- 
tected in either the damaged or control groups. There 
may be episodes of cerebral hypoperfusion occurring 
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prenatally that either are not evident by biochemical 
status at the time of delivery or are not reflected by the 
parameters examined in this study. 

From this study, it would appear that the factors in- 
volved in neonatal death in this group of premature ~ 
infants are not the same as those predisposing to hand- 
icap in survivors. The explanation may be that the de- 
gree to which adverse factors are operative is sufficient 
to demonstrate significance in the dead group, whereas 
these same factors in the handicapped group exert their 
influence at a less acute level, insufficient to be dem-' 
onstrated with the numbers included in the study 


group. 

Another explanation may be that, indeed, there are 
different factors involved in damage and that these 
either are neonatal in origin and have not been dem- 
onstrated by the current analysis or are prenatal in 
origin and undetected by the usual methods of ante- 
natal surveillance or by the available assessments of 
initial condition at birth. The latter explanation would 
suggest, along with the finding of increased morbidity 
associated with breech position, that there is a group 
of fetuses who have suffered cerebral damage in utero 
that is not presently detectable either before or at birth. 

There is an obvious need for more refined neonatal 
assessment tools and also for innovations in antenatal 
diagnosis to attempt to answer these important 
questions. 
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A prospective study of microbial infection in stillbirths and 


early neonatal death 


P. A. Quinn, Ph.D., J. Butany, M.D., M. Chipman, M.A., J. Taylor, M.D., and 


W. Hannah, M.D. 
Toronto, Ontario, Canada 


No morphologic cause of death was found in 67.8% of 33 perinatal deaths. The mothers had experienced 
a previous loss in 48% of cases. Inflammation occurred in 65.6% of the cases of perinatal death 
compared to 4% of a control group (p < 0.001) and in 73.1% of organism-positive cases of perinatal death 
compared to 7.1% of organism-positive cases of the control group (p < 0.001). Incidence of maternal 
fever or prolonged membrane rupture was not statistically significant. Bacteria were present in 33.3% of 
the cases of perinatal death (not significant), with more pathogenic strains cccurring in this group 

(p = 0.0028); 75.0% had inflammation compared to 0% of the control group (not significant). Genital 
mycoplasmas were detected in 78.8% of cases of perinatal death compared to 32.3% of control cases 

(p < 0.001). Positive cultures (p = 0.0142) and elevated antibody titers in the fetus or neonate 

(p = 0.00052) or in the mother (p = 0.0122) occurred significantly more often than in control cases. . 
Inflammation occurred in 78.9% of mycoplasma cases (p = 0.00032); incidences of maternal fever 

and prolonged membrane rupture were not significantly different. In perinatal death cases 20% had evidence 
of viruses, and 3.2% had evidence of chlamydia. Evidence of mixed microorganisms occurred in 46% of 
cases of perinatal death. However, 78.6% (11 of 14) with only one organism had Ureaplasma urealyticum 
(33.3% overall). Of the Ureaplasma-positive cases, 72.7% had inflammation, 45.5% had fever, and only 
18.2% had prolonged membrane rupture compared to 28.6%, 0%, and 16.6%, respectively, in a 
negative-microorganism group with perinatal deaths. Our observations strongly support the concept that 
infection is a major cause of perinatal death and that genital mycoplasmas play a significant role. (Am 


J Osstet GYNECOL 1985;151:238-49.) 
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Despite significant advances in maternal and obstetric 
care which reduced stillbirths and early neonatal deaths 
between 1972 to 1981, the incidence is still high. 
In Ontario there were 1534 stillbirths in 1972 and 874 
stillbirths and 689 neonatal deaths up to 20 days of age 
in 1981.' However, 56.9% of the latter were under 1 
day of age, accounting for 2.5% of all deaths. In Canada 
there were 2622 stillbirths and 2470 neonatal deaths in 
1980.2 The situation is much worse in Third World 
countries where poverty and poor nutrition increase 
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the risk of perinatal death thought to be due to the 
high rates or infection.’ In addition, except for cases 
with severe congenital abnormalities or maternal dis- 
ease (e.g., diabetes mellitus), a satisfactory explanation 
for many stillbirths and early neonatal deaths is not 
found. If one examines all causes of death listed for 
stillbirths in Ontario in 1981, only 29 of 80 causes cited 
(35%) can truly be considered lethal or even possibly 
lethal. In only 0.8% of cases (7 of 874) was infection 
(mother or fetus) attributed as the cause of death. In 
addition, in 12.6% of cases (110 of 874) no probable 
cause of death was listed.’ In research studies 16% of 
perinatal deaths have been associated with infectious 
etiologies‘ at a time when mycoplasma and chlamydia 
were not considered. 

Studies undertaken in the past several years have 
shown a significantly higher rate of spontaneous abor- 
tion, stillbirth, prematurity, and perinatal morbidity 
and mortality among mothers with positive placental 
cultures for Ureaplasma urealyticum or Mycoplasma hom- 
inis.” Based on culture and histologic evidence of 
inflammation, studies show that stillborn infants and 
neonates can be infected with U. urealyticum®* (also un- 
published observations}. As early as 22 weeks of ges- 
tation, stillborn infants may have a significantly higher 
antibody response to U. urealyticum than their moth- 
ers.? A higher mortality rate was also found among 
neonates in our intensive care, with occurrence of re- 
spiratory disease and elevated antibody responses to 
U. urealyticum."' 

Although large-scale studies have reported on the 
correlation between the presence of genital myco- 
plasma in the placenta and pregnancy loss,®*’ the out- 
come as reflected by both mother and fetus has not 
been assessed. To determine whether there was an as- 
sociation between infection and perinatal death, we ex- 
amined 33 cases of pregnancy loss and 31 normal de- 
liveries. These cases were assessed for the presence of 
inflammation by histologic examination of the placenta, 
lung, and most cther organs; by the isolation of mi- 
croorganisms (bacteria, mycoplasmas, chlamydia and 
viruses); by the measurement of antibodies to U. urealy- 
ticum serotypes, M. hominis, chlamydia, and viruses; and 
by a clinical history of fever or prolonged membrane 
rupture. We undertook this study in an effort to de- 
termine whether microbial infection played a role in 
stillbirths and early neonatal deaths. This concept is 


basically accepted but rarely stated as the cause of 
death.” 


Material and methods 


Population. Control and study subjects were patients 
admitted to Women’s College Hospital or Toronto Gen- 
eral Hospital for delivery during 1982 and 1983. All 

-cases which met the criteria and for which consent 
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forms for autopsy were obtained (except weekend au- 
topsies) were studied. All patients were covered by a 
provincial health insurance plan. Some patients were 
referred to the Regional High Risk Perinatal Unit at 
Women’s College Hospital just prior to delivery; thus 
complete clinical histories were not available in all cases, © 
and many pregnancies were managed by obstetricians 
outside our institutions. 

The 33 perinatal deaths consisted of 28 fetuses, still- 
born between 20 to 42 weeks of gestation, and five 
neonates who died within 48 hours of delivery. They 
were examined at autopsy to determine the cause of 
death. In a few cases the fetuses weighed <500 gm 
although they were considered to be of 20 weeks’ ges- 
tation. For some analyses the perinatal deaths were clas- 
sified as follows: (1) group 1 consisted of cases with 
a known cause of death, including multiple lethal 
congenital abnormalities, severe hydrops fetalis with 
acute polyhydramnios, and cases with a questionable 
cause of death such as multiple congenital abnormali- 
ties and manageable defects complicated by extreme 
prematurity; (2) group 2 consisted of cases with no 
morphologic or anatomic cause of death. 

The control group consisted of 31 random cases of 
normal term deliveries between Sunday night and Fri- 


day noon (to accommodate laboratory facilities). The 


criteria for a normal delivery consisted of a term de- 
livery with membranes ruptured (<24 hours). The mi- 
crobiology portion of the study was complete in all 31 
cases, and histology was done on the placenta in 25 
cases. All clinical histories available were reviewed to 
determine whether there was an elevation in maternal 
temperature (237.5° C) or prolonged membrane rup- 
ture in the mother (224 hours). | 

Specimen collection. In the control group, maternal 
and umbilical cord bloods were collected at delivery. A 
2 cm cube of placenta was taken in the delivery suite 
with aseptic precautions and placed in a sterile con- 
tainer. All samples were refrigerated and taken to the 
microbiology laboratory as soon as possible (4 to 12 
hours for night deliveries) and set up immediately. The 
placenta was sent to the Department of Pathology for 
histologic examination. In the cases of perinatal death, 
the placenta and fetus or neonate were submitted to 
the pathology department for histology or autopsy; ma- 
ternal serum was also requested. A blood sample drawn 
from the fetus, placental tissue, and postmortem spec- 
imens were submitted for microbiology studies at au- 
topsy. If there was an extended period between fetal 
death and delivery or if the fetus was of very low birth 
weight, occasionally the blood could not be obtained, 
was hemolyzed, or the tissues were autolyzed. 

Autopsy procedure. A detailed autopsy was per- 
formed in all cases according to a specific protocol 
within 24 to 48 hours after delivery or death. Specimens 


‘240 Quinn et al: 


Table I. Summation of obstetric history of study patients 






Mean 


maternal 


age (yr) 


Perinatal death group 33 28.1 
| (18-37) 

Control group 3} _ 28.3 
(17-40) 


for cultures of the lungs and liver were taken at the 
beginning of the autopsy with the use of “flamed” for- 
ceps and a sterile blade. By means of a sterile syringe, 
blood for serology was drawn after heat-sterilizing of 
the surface of the inferior vena cava. Tissue for his- 
tologic sections was taken from the placenta, lungs, 
liver, heart, and kidneys. Sections from the thymus, 
spleen, and brain were also taken when possible. Par- 
ticular emphasis was placed on tissue from the lungs, 
with sections being taken from each lobe. Five blocks 
were taken from each placenta, and these included one 
strip of free membranes and umbilical cord, and four 
full-thickness blocks of the placental cake. Histologic 
sections were stained with hematoxylin and eosin, and 
when evidence of inflammation was seen, sections were 
‘stained for bacteria (Gram and Gomori methenamine 
silver stains). 
The histologic criterion used for acute inflammation 
of the placenta (chorioamnionitis) was the presence of 
accumulations of polymorphonuclear leukocytes in the 
amnion and chorion on the fetal surface and in the free 
membranes. Polymorphonuclear leukocytes were gen- 
erally seen in the chorionic plate, under the amnion, 
and at times in the intervillous space under the cho- 
rionic plate.’* The histologic criteria for acute inflam- 
mation in the lungs (pneumonitis) included the pres- 
ence of polymorphonuclear leukocytes and fibrin in the 
alveolar spaces. All histologic sections of the lungs and 
the placenta were examined blind by one of us (J. B.). 
In only a few cases, autolysis of the fetus prevented 
valid conclusions. 

Microbiology. The placental tissue was surface-ster- 
lized by burning and cut open, and a block of tissue 


for cultures cut from the inside to avoid vaginal con- — 


tamination. The placenta, lung, and liver tissue were 
minced lightly and inoculated on media to isolate aero- 
bic and anaerobic bacteria and fungus. A Gram stain 
was made of each specimen. Cultures for aerobic bac- 
teria and fungus were inoculated on blood agar, bile 
salt plates, Levinthal medium, and Sabouraud agar. For 
anaerobes, specimens were planted on blood agar for 
anaerobic incubation and into a Robertson chopped 
meat broth. For the last 12 cases, a Spirrow medium 
was also included for Campylobacter jejuni, which was 
incubated at 42° C for 48 hours in 7% carbon dioxide. 


gestational 
age (wh) 


ary 


January 15, 1985 
Am J Obstet Gynecol 


Weeks of gestation 


(18-40) 


Mean (%) 
27.4 54.8 16.1 ` 19.4 9.7 
39.6 3 | 0 0 100 


(38-42) 


The tissue specimens were lightly minced, not 
ground, and inoculated into two broth and agar culture 
systems for the isolation of large-colony mycoplasmas 
and Ureaplasma urealyticum.? Three 10-fold serial dilu- 
tions were made for broth cultures. Tissues were frozen 
at — 70° C in transport media containing gentamicin 
(10 g/ml, streptomycin (50 g/ml), and nystatin (25 
g/ml) for the isolation of chlamydia and cyclohexi- 
mide-treated HeLa cells."* The tissues were frozen at 
— 70° C and set up for the isolation of viruses in skin 
fibroblasts, green monkey kidney, and HeLa 293 cells.” 

Serology. ‘The metabolic inhibition test, which we 
modified to increase sensitivity,” was used to measure 
the patients’ antibody response to the original eight 
serotypes of U. urealyticum and M. hominis (PG-21). 
Chlamydial antibody titers were detected by the mi- 
croimmunofluorescence test.“ The hemagglutination 
test was used for rubella, complement fixation test for 
cytomegalovirus and herpes simplex virus, and the neu- 
tralization test for enterovirus and Coxsackie B virus. 
For mycoplasma, chlamydia, and viruses, an antibody 
titer of 21:64 was scored as positive. Rubella positive 
titers were excluded, since most women were immu- 
nized. 

Statistical methods. Comparisons were made be- 
tween the group with perinatal deaths and the control 
group and between groups l and 2 within the perinatal 
death group. In each test of significance, either the x’ 
test, corrected for continuity, or Fisher’s exact test was 
used. Results have been considered significant if 
p < 0.05 in a two-tailed test and of “borderline signif- 
icance” if p < 0.10 in a two-tailed test. The size of the 
association has been calculated for all significant results 
with the use of the odds ratio modified by Woolf for 
small frequencies." The 95% confidence interval for 
this quantity has also been given. Because the numbers 
of cases are small in many of the comparisons, the con- 
fidence interval may be wide, indicating that our esti- 
mates of the relative risk are imprecise. 


Results 


Characteristics of the populations studied. Fre- 
quently in a search for the cause of death in perinatal 
losses no specific cause can be found. In this study a 
specific morphologic cause was found in only five cases 
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Table II. Evidence of infection in perinatal death compared to normal deliveries 












Inflammation (%) 
(n = 32, 25*) 


Perinatal death group 65.67 


Group 1 44.4 
Group 2 77.3 
Control group 4.0 











Prolonged Culture and 
Fever membrane rupture serology positive 
(n = 33, 26*) (n = 32, 31*) (n = 33, 31*) 


30.3 29.0 78.8 

0.0 29.9 40.0 
39.14 31.8 95.68 
23.1 0 64.5 


*Number of cases are given for perinatal death and control groups respectively. 
t+Comparison of perinatal death group to control group; p < 0.001. 


Comparison of group 2 to group I; p = 0.025. 
§Comparison of group 2 to group 1; p < 0.001. 


y 


and a possibly lethal problem in five, a total of 32.2%, 
which was identified as group 1. Thus in 67.8% of these 
cases no morphologic cause of death was found, and 
these were identified as group 2. 

A comparison of the obstetric histories of the group 
with perinatal deaths and the normal-delivery control 
group appears in Table I. The mean maternal ages and 
age ranges were comparable. However, there was a his- 
tory of previous pregnancy loss in 48% of women, with 
current perinatal loss compared to 3.2% in the 31 nor- 
mal deliveries (p < 0.001). This incidence of previous 
losses in control subjects is below average and may occur 
because patients with previous late losses would be man- 
aged through the High Risk Service and not be con- 
sidered as normal. Among 28.0% of cases, this loss was 
a first pregnancy with no prior history to indicate high 
risk. In 24% of women with previous pregnancies (one 
to three) this was their first pregnancy loss. In the group 
with perinatal deaths, 54.8% of pregnancies were lost 
at <28 weeks gestation, and 29.0% were lost after 32 
weeks’ gestation, when a reasonable chance of survival 
should have existed. l 

Pregnancy outcome associated with evidence of in- 
fection. A diagnosis of infection can be made on the 
basis of two or more of the following criteria: the pres- 
ence of fever, detection of microorganisms by culture 
and serology, or histologic evidence of inflammation. 


The presence of these factors is examined in Table II 


for cases with valid histology and records of fever and 
prolonged membrane rupture. Among the group with 
perinatal deaths, 65.6% had evidence of inflammation, 
which was significantly higher than the 4.0% in the 
control group (p < 9.001). The relative odds of a peri- 
natal death case having inflammation was 30.5 times 
higher than for a control case, with 95% confidence 
limits of 5.1 to 184. The difference between groups 
1 and 2 was too small to be statistically significant 
(p = 0.1004, two-tailed test). On the other hand, this 
observation suggests that infection may play a role in 
group 1 cases in conjunction with possible morphologic 
causes of death. 


When cases were evaluated for the presence of ma- 
ternal fever, which is indicative of infection, there was 
no significant difference between the perinatal death ` 
and control groups. In fact, fever occurred in four 
control cases with no evidence of inflammation in the 
placenta or lung and no microorganisms isolated. How- 
ever, within the perinatal death group, group 2 exhib- 
ited significantly elevated fever in 39.1% of cases 
compared to 0% in group | (p = 0.025). Although an 
elevated temperature must be considered significant, 
overall it is not a reliable indicator of a poor outcome 
resulting from infection. The role of maternal fever 
will be clarified as each group of microorganisms is 
discussed. 

Prolonged membrane rupture prior to delivery has 
been considered a major factor leading to infection in 
pregnancy. However, in this study only 29.0% of the 
perinatal death cases had prolonged membrane rup- 
ture. It is not valid to compare this percent to the con- 
trol group, since the occurrence of prolonged mem- 
brane rupture was an exclusion criterion for the control 
group. When we compare group 2 to group 1, we find 
no apparent difference, which also supports the con- 
cept that prolonged membrane rupture seems not to 
be the main contributing factor to an infectious cause 
of death. 

Evidence of microorganisms was found by isolation. 
or serology in 78.8% of perinatal death cases compared 
to 64.5% of the control group. The overall incidence 
was higher than expected in the control cases because 
evidence of bacteria was found in six controls, myco- 
plasmas in ten, chlamydia in five, and virus antibodies 
in eight. In only one of these cases was there evidence 
of inflammation. However, when we compared the two 
perinatal death groups, a significantly higher incidence 
of microorganisms occurred in group 2 compared to 
group | (p = 0.00115, Fisher’s exact test) with an odds 
ratio of 21.67 (limits, 2.8 to 167). Thus evidence of 
infection was more common in the group with perinatal 
deaths. ‘The organisms present did not indicate merely 
opportunistic infections, affecting group 1 pregnancies 
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Table III. Correlation between the detection of microorganisms and evidence of infection 


Cases positive by culture 
andlor serology 


Culture and serology 
Perinatal death group 
Control group 

Culture 
Perinatal death group 
Control group 

Serology 
Perinatal death group 
Control group 


73.1* (19/26) 
7.1 (1/14) 


84.27 (16/19) 
0.0 (0/7) 


68.0 (17/25) 
10.0 (1/10) 


With 
inflammation With fever 


% of positive cases 


With prolonged 
membrane rupture 


42.3 (11/26) ` 30.8 (8/26) 
14.3 (2/14) (0) 
45.0 (9/20) 30.0 (6/20) 
12.5 (1/8) (0) 
34.6 (9/26) 96.9 (7/26) 


11.1 (1/9) (0) 





*Comparison of perinatal death group to control group; p < 0.001. 
{Comparison of perinatal death group to control group; p = 0.00036, 


already in difficulty for other reasons, since organisms 
and inflammation.were more common in group 2 cases, 
in which no clear-cut morphologic causes of death were 
found. 

Correlation between the detection of microorgan- 
isms and evidence of infection. Since the detection of 
inflammation was significant.in the group with peri- 
natal deaths and since 58.1% of control cases had ev- 
idence of microorganisms, we assessed the correlation 
between the presence of microorganisms with inflam- 
mation. In patients shown positive. for any microor- 
ganism by culture and/or serology, 73.1% of the group 
with perinatal deaths had histologic evidence of inflam- 
mation in the placenta or fetal lung compared to 7.1% 
of control cases (p < 0.001), as shown in Table III. The 
odds of microorganism-positive patients with perinatal 
deaths having inflammation are 23.4 times higher than 
in similar control patients (limits, 3.6 to 154). If one 
examines cases in which cultures are positive for bac- 
teria, mycoplasma, chlamydia, or viruses, a very sig- 
nificant correlation exists, with the presence of in- 
flammation found in 84.2% of perinatal death cases 
compared to 0% of control cases (p = 0.00036). The 
~odds ratio increases dramatically to 165, indicating a 
very strong association between perinatal death and 
inflammation in culture-positive cases. If serologic ev- 
idence of infection (mycoplasma, virus, or chlamydia) 
is assessed, again there is a significant correlation, with 
inflammation present in 68.0% of perinatal death cases 
compared to 10.0% of control cases (p < 0.015) with 
an odds ratio of 13.0 (limits, 1.9 to 87.7). Thus a much 
higher incidence of inflammation occurred in the peri- 
natal death group compared to that in the control 
group in cases with organisms detected by cules s€- 
rology, or both methods. 

The correlation between maternal fever prior | to de- 
livery and the presence of organisms was difficult to 
assess because of the high incidence of fever with no 
evidence of inflammation among control subjects. 
Perhaps a higher baseline temperature should be con- 


sidered in future studies. Overall there was a higher 
percentage of fever in organism-positive cases, but this 
was not significant. We also observed approximately a 
30% incidence of prolonged membrane rupture in 
perinatal death cases that were positive by culture, se- 
rology, or both. | 

Since microorganisms may be detected which reflect 
past infection or nonpathogenic strains, we compared 
the presence or absence of microorganisms with factors 
associated with infections. Among perinatal death cases 
with positive culture for organisms, 19 of 25 (76.0%) 
had inflammation, 10 of 26 (38.5%) had fever, and 8 
of 25 (32.0%) had prolonged membrane rupture, com- 
pared to 2 of 7 (28.6%), 0 of 7 (0%) and 1 of 6 (16.7%) 
in culture-negative cases with perinatal deaths. Al- 
though not reaching statistical significance due to small 
numbers, these observations also suggest an association 
between organisms found in perinatal death cases and 
evidence of infection. | 

Types of microbial infection found in perinatal 
deaths. For the detection of microbial infection, all iso- 
lates and antibody titers to genital mycoplasmas, virus, 
and chlamydia (21:64) were scored as positive. We 
have chosen to report all organisms detected at this 
time because such comprehensive microbiology studies 
are new and the pathogenic role of organisms may 
change. No significant difference was observed in the 
incidences of bacteria, chlamydia, and viruses between 
the group with perinatal deaths and the control group 
(Table IV). In fact, there was a higher prevalence of 
chlamydia and viruses resulting from elevated antibody 
titers in the control group than in the group with peri- 
natal deaths. There were no significant differences for 
these organisms between groups | and2. 

However, a significantly higher incidence, 78.8% of 
the perinatal death cases, had evidence of genital my- 
coplasmas compared to the 32.3% of control cases 
(p < 0.001). The odds ratio for mycoplasma-positive 
cases being in the group with perinatal deaths was 7.23 
(limits, 2.4 to 21.6). There were also more mycoplasma- 
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Table IV. Types of microorganisms detected in perinatal deaths compared to those found in 


normal deliveries* 


Perinatal death group 33.3 (11/33) 


Group 1 20.0 (2/10) 
Group 2 39.1 (9/23) 
Control group 19.4 (6/31) 


Mycoplasma | Chlamydia Virus 


78.87 (26/33) 
50.0 (5/10) 
91.34 (21725) 


3.2 (1/31) 20.0 (4/20) 
11.1 (1/9) 14.3 (1/7) 
0.0 (0/22) 93.1 (3/13) 
(10/31) 26.6 (8/30) 


16.1 (5/31) 


*Positive by culture or serology. 
}Comparison of perinatal death group to control group; p < 0.001. | 


Comparison of group 2 to group 1; p = 0.0322. 


positive cases in group 2 compared to group 1l 


(p = 0.0322) with an odds ratio of 8.60 (limits, 1.47 to - 


15.87). 

Evidence of infection in bacteria-positive cases. Al- 
though there was no difference in the isolation rates 
for all bacteria, pathogenic strains were found signifi- 
cantly more often in the group with perinatal deaths 
(27.3%) than in the control group (0.0%) (p = 0.0028), 
The odds ratic for pathogenic bacteria being found in 
the perinatal death group was 24.4 (limits, 1.4 to 440). 
The species of bacteria isolated are listed in Table V. 
Although all specimens were screened for unsuspected 
bacteria by Gram stain, no cases were observed in which 
there was a positive Gram strain and no appropriate 
organism isolated. In most cases, growth of bacteria was 
scanty, so the missing of isolates resulting from over- 
growth was not likely. Despite use of staining and suit- 
able culture methods, no cases of unusual bacteria such 
as Listeria or Campylobacter sp. were detected. 

Aerobes were isolated from 36.4% of the group with 
perinatal deaths compared to 16.1% of the control 
group (p = 0.05) with an odds ratio of 5.24 (limits, 1.55 
to 17.7). There was no difference in the isolation of 
anaerobes, probably the result of small numbers, but 
all the anaerobes in the perinatal death group were 
from group 2. 

In bacteria-positive cases (Table VI), 75.0% of the 
perinatal death group and 80.0% of group 2 had evi- 
dence of inflammation in the placenta or lung com- 
pared to 0% in the control group. Because of the small 
number of cases this is not significant. There was no 
significant difference in the incidence of maternal fever 
in the bacteria-positive cases, mainly because of the high 
incidence of fever of unknown origin in the control 
cases: Prolonged membrane rupture occurred in 36.4% 
of the bacteria-positive cases. When we compared 
group 2 to group 1, the group 2 bacteria cases were 
associated with a higher incidence of inflammation, fe- 
ver, and prolonged membrane rupture than were 
group 2 cases but were not yet significant because of 
the limited number of cases. 

Evidence of infection in mycoplasma-positive 
cases. The isolation of U. urealyticum and M. hominis 


Table V. Bacterial species isolated 


No. of cases Anaerobes 
Perinatal death group 
12. ‘Klebsiella 
aerogenes* 
Streptococcus fae- 
calis 
13 Staphylococcus epi- 
dermidis 
Acinetobacter 
anitratus 
16 S. epidermidis Bacteroides 
melanino- 
genicus* 
2] Citrobacter 
freundin* 
22 8-Hemolytic 
streptococcus* 
Lancefield group 
B streptococcus 
25 Pseudomonas B. bivius 
aeruginosa* 
26 P. aeruginosa* B. melanino- 
genicus* 
27 S. epidermidis B. bivius 
S. faecalis B. fragilis* 
30 B-Hemolytic l 
streptococcus 
Lancefield group 
B streptococcus 
S. aureus* 
31 K. pneumoniae* 
32 S. epiderinidis 
S. faecalis 
C. albicans 
34 - S. faecalis 
Control group 
o Š Diphtheroids 
9 S. epidermidis 
18 S. epidermidis 
S. faecalis 
19 S. viridans 
29 S. viridans 
28 B. vulgatus 


*Indicates more pathogenic strains. 


was examined in all groups. Mycoplasmas were isolated 
significantly more often from perinatal death cases 
(39.4%) than from control cases (9.7%) (p = 0.0142) 
as shown in Table VII. The isolation of mycoplasmas 
in 56.5% of group 2 was significantly higher than the 


244 Quinn et al. 


January 15, 1985 
Am J Obstet Gynecol 


Table VI. Association of inflammation, fever, and prolonged membrane rupture in bacteria-positive cases 





Aerobes (%) Anaerobes (%) 


Perinatal death 36.4* (12/33) 17.4 (4/23)- 
group . 
Group 1 20.0 (2/10) 0.0 (0/9) 
Group 2 43.5 (10/23) 28.6 (4/14) 

Control group 16.1 (5/31). 3.2 (1/31) 


*Scored for cases positive for aerobes or anaerobes. 


Bacteria-positive cases (%)* 


Prolonged 

membrane 

Inflammation Fever rupture 
75.0 (9/12) 33.3 (4/12) 36.4 (4/11) 
50.0 (1/2) 0.0 (0/2) 0.0 (0/2) 
80.0 (8/10) 40.0 (4/10) 44.4 (4/9) 

0.0 (0/4) 20.0 (1/5) (0) 


Table VII. Association of inflammation, fever, and prolonged membrane rupture in 


< mycoplasma-positive cases 





Culture- 
positive 
cases 
12 1:64F 
Perinatal death 45.8§ 
group (11/24) 
Group 1 14.3 
r (1/7) 
Group 2 . ; 58.8 
l (13/23) (10/17) 
Control group 9.7 0.9 
(3/31) (0/30) 


*Scored for cases positive by culture or serology. 
TI, Infant; M, mother. 


Serology-positive cases (%) 





Mycoplasma-positive cases (9o)* 


Prolonged 
membrane 
M = 1:64f Inflammation Fever rupture 
26.33] 78.99 40.0 25.0 
(5/19) (15/19) (8/20) (5/20) 
0.0 0.0 0.0 0.0 
(0/3) (0/1) (0/1) (0/1) 
31.3 83.3 42.1 26.3 
(5/16) (15/18) (8/19) (5/19) 
0.0 i li.I 12.5 (0.0) 
(0/30) (1/9) (1/8) (0/10) 


{Comparison of perinatal death group to control group; p = 0.0142. | 
§Comparison of perinatal death group to control group; p = 0.000052. 
(Comparison of perinatal death group to control group; p = 0.0122. 
{Comparison of perinatal death group to control group; p < 0.00032. 


#Comparison of group 2 to group 1; p = 0.004. 


0% in group 1 (p = 0.004). The odds ratio of myco- 
plasma-positive cases being in the perinatal death 
group rather than in the control group was 5.4 (limits, - 
1.5 to 19.8). The odds ratio for a case with mycoplasma- 
positive isolation being in group 2 compared to group 
1 was 27 (limits, 1.3 to 469). Thus the isolation of genital 
mycoplasmas from placentas and fetal/neonatal lungs 
was strongly associated with perinatal death. 

The ureaplasma antibody response in the group with 
perinatal deaths was compared to the control group to 
determine whether the fetus/neonate made antibody 
in utero and to determine whether titers would be ele- 
vated compared to a control group. The fetus/neonate 
in 45.8% of the perinatal death cases had elevated an- 
tibody titers to at least one serotype of U. urealyticum — 
compared to 0% of the control group (p = 0.000052) 
with an odds ratio of 52.0 (limits, 2.9 to 946). Of par- 
ticular interest was the fact that only 14.8% of group 
I fetus-neonates exhibited elevated titers to U. urealy- 
ticum compared to 58.8% of group 2, but this was not 
statistically different (p = 0.1190). Among the moth- 


ers, 26.3% of perinatal death cases compared to 0% of 
control cases had elevated titers at delivery (p = 
0.0122) with an odds ratio of 23.14 (limits, 5.1 to 105). 
Among the group 2 mothers, 31.3% had elevated titers 
compared to 0% of group 1 mothers. Antibody re- 
sponse to U. urealyticum in the fetus and their mothers 
correlated significantly with being in the perinatal 
death group and especially with being in group 2 rather 
than in group 1. 

When we examined the association of mycoplasmas 
to the presence of other factors indicative of infection 
(Table VID), inflammation in mycoplasma-positive cases 
was significantly more common in the perinatal death 
group (78.9%) than in the control group (11.1%) 
(p < 0.00032). The odds of inflammation occurring 
were 19.5 times higher in cases with perinatal deaths 
than in the control cases (limits, 2.6 to 148). Within the - 
perinatal death group, inflammation was found in 
83.3% of group 2, compared to 0% in group 1. There- 
fore among cases with evidence of mycoplasma infec- 
tion, outcome was correlated with the presence of an 
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Table VIII. Detection of chlamydia and viruses in perinatal deaths compared to those in normal deliveries 





Culture-posttive 
Viruses 
Perinatal death group 2/19 2/13 
Control group ` | ND 8/30 
Chlamydia l 
Perinatal death group 0/22 1/24 
Control group 1/31 4/30 


*Scored for cases positive by culture or serology. 
FND, Not detected. 


Positive cases* 


Prolonged 
membrane rupture 


4/4 2/4 3/4 
0/7 0/8 (0) 
0/1 0/1 0/1 
0/3 0/3 (0) 


Table IX. Combination of organisms detected by culture or serology* 


Cases positive for 


= 
Perinatal deatn n= 12 n= 20 | n=] . n=4 
group 5 myco. C* $+ 7 bact. C* l bact. C* l bact. C* myco. S* 
3 myco. S* l virus C*S* l myco. $* 
1 myco. S* chlam. S* 1 virus S* 1 myco. C* 
1 myco. S* virus C* S* 11 with no other l with no other 
2 with no other organisms organisms 
organisms 
Control group n = 6 n = 24 n= 5 n= 8 
4 myco. S* 4 bact. C* l bact. C* l bact. C* 
I chlam. S* 1 chlam. C* l myco. C* chlam. $* i myco. C* chlam. S* 
] with no other l chlam. §* l myco, C* 2 myco. $* 
organisms l bact. C* chlam. S* l myco. S* 4 with no other 
17 with no other 1 with no other organisms 
organisms organisms 


*Bact., Bacteria; myco., mycoplasma; chiam., chlamydia; C, culture; S, serology. 


inflammatory response. Among 10 cases only positive 
for mycoplasma, 40.0% of the mothers with perinatal 
deaths had fever compared to 12.5% of control subjects 
and 25.0% had prolonged membrane rupture com- 
pared to 0.0%. There are not yet sufficient cases to 
make a statistical comparison. Fever was more common 
in mothers in perinatal death group group 2 than in 
control or group 1, although the numbers were too 
small for these differences to achieve statistical sig- 
nificance. 

Evidence of infection in chlamydia and virus pos- 
itive cases. Viruses and chlamydia have been associated 
with infection in pregnancy. In this study evidence of 
viral infections: was observed in four cases of the peri- 


` natal death group (Table VIII). Cytomegalovirus was 


isolated from one neonate of a triplet gestation, with 
the two fatal cases (neonates 2 and 3) having a titer of 
1:32. Membranes were ruptured for #24 hours. There 
was evidence of inflammation in the placenta and lung 
-of neonate 2 but rot in neonate 3 which had hyaline 
membrane disease. No other microorganisms were de- 
tected. Herpes simplex virus was isolated from one case 
with a titer of 21:64 and bacteria (Bacteroides fragilis, 


B. bivius, Staphylococcus epidermidis, and enteric strepto- 
cocci) were isolated from the fetal lung. There was a 
history of fever, prolonged membrane rupture of 4 
days’ duration, and inflammation in the placenta but 
not in the lung. In one case an elevated titer to herpes 
simplex was detected along with an elevated titer to 
cytomegalovirus, and U. urealyticum was isolated from 
the fetal lung. Elevated titers to U. urealyticum were 
found in the other case with herpes simplex antibodies 
and multiple congenital anomalies. In the latter cases 
one neonate had elevated antibodies to U. urealyticum 
with multiple congenital anomalies. The numbers are 
too small to assess, but 4 of 4 virus positive cases had 
inflammation, 2 of 4 had maternal fever, and 3 of 4 
had prolonged membrane rupture. 

In this study, chlamydia were isolated from 0 of 22 
perinatal death cases and 1 of 31 control cases. Elevated 
chlamydial antibody responses were found in 1 of 24 
perinatal death cases and 4 of 30 control cases. In the 
perinatal death case a term infant had died of intra- 
uterine asphyxia. Chlamydia was not isolated from pla- 
cental tissue because of toxicity in the HeLa cells. An- 
tibody titers were 1:256 in the mother and 1:128 in 
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Table X. Summary of results 


<0.001 30.5 


Category Odds ratio 
Presence of inflam- 
mation in perina- 
tal death group 
vs. control group 
Detection of any 
microorganisms 
Group 2 vs. 
Group 1 
Inflammation in 
perinatal death 
group vs. control 
group 
Culture-positive 
cases 
Serology-positive 
cases 
Any positive cases 
Detection of specific 
microorganisms 
Bacteria 
(pathogenic) 
Genital myco- 
plasmas 
Mycoplasma-posi- 
tive cultures 
Perinatal death 0.0142 5.4 
group VS. , 
control group 
Group 2 vs. 0.004 24.4 
Group 1 
Ureaplasma urealytt- 
cum—positive 
serology 
Infants: perinatal 
death group 
vs. control 
6 OUP 
Mothers: perina- 0.0122 23:1 
tal death 
group vs. con- 
trol group 
Inflammation in 
mycoplasma cases 
Perinatal death 
group vs. 
control group 


0.00115 21.7 


0.00036 165 
<0.01 13.0 


<0.001 23.4 


0.0322 8.6 


<0.001 12 


0.000052 52.0 


0.00032 19.5 


the stillborn infant. There was a light growth of bacteria 
from placenta and lung but no evidence of inflam- 
mation, fever, or prolonged membrane rupture. These 
observations suggest that chlamydia infection may not 
have been involved in the fetal death. Elevated antibody 
titers in mother and infant were found in four control 
cases, but there was no evidence of inflammation or 
history of fever or prolonged membrane rupture. 
Mixed infections in perinatal death. It soon became 
apparent that in the cases we studied, more than one 
microorganism was frequently detected (Table IX). 
Among the perinatal death cases, evidence of other 
microorganisms occurred in 10 of 12 bacteria-positive 
cases, 9 of 20 mycoplasma-positive cases, 1 of 1 chla- 
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mydia-positive cases, and 3 of 4 virus-positive cases. 
Thus in only two cases did bacteria alone play a role 
and in only one case was cytomegalovirus involved. 
Among the mycoplasma-positive cases, 55% had only 
mycoplasmas. This group accounted for 33.3% of the 
entire perinatal death group. When we compared the 
mycoplasma-positive perinatal death cases to perinatal 
death cases with no organisms detected, 72.7% (8 of 
11) had inflammation compared to 28.6% (2 of 7) of 
the negative control cases, 45.5% (5 of 11) had fever 
compared to 0% (0 of 7) of control cases, and only 
18.2% (2 of 11) had prolonged membrane rupture 
compared to 16.6% (1 of 6) of the control cases. The 
presence of inflammation and fever along with the sig- 
nificant elevation in fetal U. urealyticum antibodies 
strongly support the concept that genital mycoplasmas 
alone can cause infection in pregnancy leading to peri- 
natal death. 

Summary of results. Many factors can be examined 
in trying to understand the role of infection as a cause 
of perinatal death. The factors observed to have sig- 
nificance based on p values and odds ratios are sum- 
marized in Table X to facilitate this examination. 


Comment 


Perinatal death is still a major cause of pregnancy 
loss despite advances in obstetric and perinatal medi- 
cine. Frequently when autopsies are performed on such 
fetuses or neonates, no cause of death can be deter- 
mined.' In other studies, an infectious cause of death 
has been documented in 22% of neonatal deaths and 
6% of stillbirths.* However, there is increasing evidence 
that in addition to bacteria and viruses,’ mycoplas- 
masë? are associated with a high incidence of infec- 
tion in pregnancy leading to pregnancy loss. 

In this study, investigations were undertaken to de- 
termine the role of infection as a cause of stillbirth and 
early neonatal death. Evidence of inflammation, found 
by histologic examination of fetal organs and placenta, 
independent of culture results, were observed in 65.5% 
of cases. If cases within the perinatal death group which 


‘have no other cause of death are considered, inflam- 


mation was found in 77.3% of cases. Presence of in- 
flammation correlated strongly with the presence of 
microorganisms by culture (p = 0.00036), by serology 
(p < 0.01), or by both methods (p < 0.001). The odds 
ratio of inflammation in culture-positive perinatal 
death cases was 165 times that in culture-positive con- 
trol cases. The correlation of inflammation to serology 
was largely associated with elevated antibody titers to 
U. urealyticum. Thus in cases with demonstrated pres- 
ence of microorganisms, inflammation was strongly as- 
sociated with perinatal death, and particularly in group 
2 where 95.6% cases had evidence of microorganisms. 
The presence of fever prior to delivery was not a good 
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indicator that women were at risk of pregnancy loss. 
However, within the perinatal death group fever oc- 
curred significantly more often in group 2 than in 
group 1. Prolonged membrane rupture occurred in 
only 30% of cases and was slightly higher in group 2 
(31.8%) than in group | (22.2%). Thus it is not the only 
factor leading to intrauterine infection, which is sup- 
ported by the fact that mycoplasmas have been isolated 
from amniotic fluid without evidence of ruptured 
membranes. Evidence of infection is therefore more 
common in the perinatal death group. Moreover, these 
are not merely opportunistic infections affecting preg- 
nancies already in difficulty for other reasons, because 
they are more common in group 2, in which no clear- 
cut morphologic causes of death were found. 

When groups 1 and 2 are compared, two facts 
emerge: First, infection appears to be more significant 
in group 2 where no other cause of intrauterine death 
is found. Second, although to a lesser degree, infection 
also occurred in group 1, in which 44.4% had evidence 
of inflammation and organisms were found in 40.0%. 


Interestingly, 20% of group 1 infections were associated | 


with bacterial etiologies, with 50% having inflamma- 
tion, and not with myoplasma, in which 0% had inflam- 
mation and only 14.3% had positive serology (55.8% 
in group 2). Thus the low incidence of mycoplasma 
detected in group | culture-negative cases may be due 
to positive transfer of antibodies from the mother. 

The types of microorganisms detected in the peri- 
natal death group consisted of the more pathogenic 
strains of bacteria in 27.3% of cases (p = 0.0322), gen- 
ital mycoplasmas, primarily U. urealyticum, in 78.8% of 
cases (p < 0.001), and viruses in 20.0%. There was no 
strong evidence that chlamydia caused infection in 
pregnancy, leading to pregnancy loss in this study. Al- 
though there were only 12 bacteria-positive cases, our 
observations support the concept that certain bacterial 
infections are associated with pregnancy loss. When 
cultures for fastidious anaerobes are included, this in- 
cidence might be higher; however, in only | of 33 cases 
was inflammation found, with no organisms detected. 
In a second case bacteria were detected by histology 
but were not isolated. 

The most significant organism detected was genital 
mycoplasmas, which were found in 78.8% of perinatal 
death cases compared to 32.3% of control cases (p = 
0.0142), particularly among group 2 in which 91.3% of 
cases had evidence of mycoplasma (p =0.004). The 
odds ratio was 24 times higher that a mycoplasma- 
positive case would be in group 2. The detection of 
elevated antibody reponses to U. urealyticum in 45.8% 
of the fetuses of the perinatal death group compared 
to 0% of controls showed the most significant corre- 
lation (p = 0.000052). There was an odds ratio of 52 
that fetuses with elevated titers would be in the peri- 
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natal death group. Antibody titers were also found sig- 
nificantly elevated among their mothers; 58.8% in 
group 2 compared to 14.3% in group 1 (with p = 
0.0122). These facts fit with our previous observations 
in which we found elevated ureaplasm antibody titers 
in neonates and their treated mothers with a history of 
pregnancy loss’ and in neonates requiring intensive 
care and their mothers.” 

Finally, a significant correlation was also observed 
between inflammation and mycoplasma-positive cases. 
This fact is important, since only mycoplasmas were 
found in 32.3% of all perinatal death cases with no 
other organisms detected and 50% of mycoplasma-pos- 
itive cases had only mycoplasmas. In the mycoplasma- 
only cases, inflammation was observed in 72.9% of 
cases, which was comparable to 75% found in bacteria- 
positive cases. Fever occurred in 45.5% of the myco- 
plasma cases, which was slightly higher than the 33.3% 
found in bacteria-positive cases. A correlation between 
the presence of mycoplasmas and inflammation in the 
placenta® * and in fetal lungs**® U has been reported 
previously. Our evidence of inflammation and ele- 
vated antibody responses in the fetus add strength to 
the concept that genital mycoplasmas cause infection 
in utero leading to death. 

The causality of genital mycoplasmas has been dif- 
ficult to prove in humans, mainly because of high col- 
onization rates in normal patients. However, in the 
bovine model, Ureaplasma diversum was found to be as- 
sociated with stillbirth, prematurity, and lung disease 
of the calf. One specific serotype, D48, is found most 
often. When the isolate from a field abortion was in- 
oculated into ureaplasma-free pregnant heifers, U. di- 
versum was shown to cause stillbirths and prematurity 
associated with neonatal! respiratory disease.'* These 
experiments also support the concept that ureaplasmas 
are pathogenic in utero. In humans, our observations 
indicate that only certain serotypes of U. urealyticum 
elicit antibody responses in pregnancy loss" and neo- 
natal disease.'' Thus certain serotypes among urea- 
plasmas may be more pathogenic than others. In ad- 
dition, many patients may be colonized but not infected. 

Since 1970, evidence has suggested that genital my- 
coplasmas are associated with infections in pregnancy 
leading to poor outcomes, but because there is a high 
colonization rate in normal women and neonates,’ these 
observations are difficult to interpret. More recent 
studies have shown that in women with U. urealyticum— 
or M. homints—positive placentas there is a significantly 
higher incidence of chorioamnionius, stillbirth, prema- 
turity, neonates requiring intensive care, and neonatal 
death®’ than among women with mycoplasma-negative 
placentas. In a recent study genital mycoplasmas were 
isolated from the placenta in 21% of 144 cases of still- 
birth and infant death of up to 54 days of age.’ We 
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observed an incidence of 39.4% mycoplasma culture— 
positive cases, which may be higher because we cultured 
a cube of placenta rather than the chorionic surface 
and cultured the fetal lung. We also included neonates 
up to 2 days of age. When we included evidence of 
U. urealyticum based on antibody titers of <1:64 to at 
least one serotype, the incidence of mycoplasmas in 
cases of perinatal death rose to 78.8%. 

In our previous studies of mycoplasma-associated 
loss we found evidence of inflammation in the placenta 
and fetal lung and loss of ciliation in the tracheal epi- 
thelium,’ significant elevation of specific antibody titers 


to eight serotypes of U. urealyticum in fetus/neonates ` 


and their mothers with poor reproductive histories 
compared to the control populations,’ '' and a reduc- 
tion in the rate of pregnancy loss in mycoplasma-pos- 
itive women treated with appropriate antibiotics prior 
to or during gestation.” Among neonates with respi- 
ratory failure a higher mortality rate occurred among 
antibody positive cases." U. urealyticum antigen was de- 
tected by immunofluorescence in the lung of a term 
neonate born with Ureaplasma pneumonia, and the 
presence of a high titer of IgM-specific antibody to 
U. urealyticum was observed at 24 hours of age (unpub- 
lished observations). These observations strongly sup- 


- port the concept that subclinical mycoplasma infection 


may be associated with pregnancy loss. 

If infection plays a major role in stillbirth, why do 
pathologists not find any evidence of inflammation? 
The placenta is only rarely sent for histology when the 
fetus is autopsied and almost never in cases of perinatal 
death. It is the placenta that provides the strongest 
evidence of inflammation and is most suitable for cul- 
ture. Adequate histologic examination of tissues is re- 
quired. We found that inflammation was patchy and 
occurred in only one or two lobes of the lung (unpub- 
lished observations), and therefore needs careful ex- 
amination of several sections. In many cases of intra- 
uterine death, the tissues look autolyzed and sections 
are seldom taken. In this study in only one case was 
the placenta and lung tissue so autolyzed as to make 
recognition of any histologic features impossible. The 
placenta was autolyzed in 1 of 31 cases and the fetal 
lung in 5 of 30 cases. If the appearance of the tissues 
appear.to be completely normal, few if any sections 
may be taken, especially of the placenta. 

The supporting microbiologic evidence is often not 
acquired because adequate specimens are not submit- 
ted for culture and serology. Proper cultures of pla- 
centa and lung tissue are rarely made for bacteria, my- 
coplasmas, viruses, and chlamydia. Instead of a surface 
swab, a large piece of placenta should be surface-steril- 
ized and sampled from inside and a piece of lung tissue 
removed with sterile precautions. Facilities to perform 
the mycoplasma and virus antibody studies on sera 
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from mother and fetus/neonate or cord are not readily 
available. From this study good histology and proper 
cultures for bacteria, mycoplasma, and viruses would 
provide adequate support of infection in most cases. 
Microbiologic results are important in understanding 
the cause of infection and in the future i 
of the patient. 

A number of explanations are possible on the role 
of mycoplasma infection in pregnancy. First, genital 
mycoplasmas may truly be a cause of infection in preg- 
nancy, leading to abortion, stillbirth, and neonatal 
death. This concept is supported by this study and nu- 
merous other studies.” Second, mycoplasmas may be 
affecting the maternal or fetal host in such a way that 
they cannot cope with other bacterial, viral, or chla- 
mydial infections, including currently nonsignificant 
bacterial species. Third, mycoplasmas may be causing 
premature delivery which, in .association with other 
morphologic defects or infection, leads to the death of 
the infant. In our previous studies of spontaneous preg- 
nancy loss, women treated for mycoplasma infection 
delivered 27 of 32 neonates at term despite extensive 
histories cf premature delivery.’ 

Finally, the presence of mixed microorganisms 
proved to be very important in understanding the role 
of infection in perinatal death. In greater than 50% of 
cases more than one organism was detected. Only by 
comprehensive microbial studies will we be able to es- 
tablish which bacteria, alone or in conjunction with 
other organisms, are truly significant as pathogens in 
pregnancy and fetal death. 

This study strongly supports the hypothesis that in- 
trauterine infection may be the sole cause of stillbirth 
and neonatal death in more cases than previously rec- 
ognized when all microorganisms including myco- 
plasma are considered. Bacteria and viruses are signif- 
icant in certain cases, but the major pathogen may be 
genital mycoplasmas such as U. urealyticum. In cases 
where the lethality of a morphologic abnormality is 
questionable, infection may be the actual cause or a 
contributory factor. If these findings of intrauterine 
mycoplasma infection are borne out, stillbirths and 
early neonatal deaths in mycoplasma-positive women 
identified as at risk may be preventable with ERPs 
antibiotic therapy. 
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Does dihydrotestosterone induce atresia in the 
hypophysectomized immature female rat treated with 
pregnant mare’s serum gonadotropin? 


J. K. Kohut, M.Sc., J. F. Jarrell, M.D., M.Sc., F.R.C.S.C.(C), and E. V. YoungLai, Ph.D. 


Hamilton, Ontario, Canada 


This study was originally designed to test the hypothesis that the binding of luteinizing hormone in 
granulosa cells decreases with atresia. The hypophysectomized immature female rat that was primed with 
pregnant mare’s serum gonadotropin and treated with dihydrotestosterone was used as a model for 
atresia. Histochemical analysis of acid phosphatase was used as a marker for atresia and topical 
autoradiography with iodine 125—-labeled human chorionic gonadotropin for binding of luteinizing hormone. 
Histologically, there was no significant difference in atresia, acid phosphatase, cr '*I-labeled human 
chorionic gonadotropin binding in antral follicles between control animals given pregnant mare’s serum 
gonadotropin and animals treated with pregnant maré’s serum gonadotropin and dihydrotestosterone. 
Assessment of the total follicular population, however, showed that dihydrotestosterone at dosages of 1 
and 5 mg/kg resulted in decreases in atresia of 48% and 58%, respectively. Although these data disprove 
our hypothesis, they strongly suggest that dihydrotestosterone decreases follicu'ar atresia by increasing 
the number of small preantral follicles. (AM J OssteT GYNECOL 1985;151:250-5.) . 


Key words: Ovary, atresia, follicle, androgens 


Atresia, which is the degeneration of follicles, has 
been suggested to be due to the influence of andro- 
gens.' As the follicle degenerates, a number of bio- 
chemical changes such as increased acid phosphatase, 
a lysosomal enzyme, have been observed prior to any 
histologic evidence of degeneration.”* The developing 


follicle can degenerate at any stage of growth but the 


preovulatory follicle-can normally continue to ovula- 
tion. Since the granulosa cells of such follicles acquire 
luteinizing hormone (LH) receptors’ we hypothesized 
that the binding of LH by granulosa cells would de- 
crease with follicular atresia. A loss of LH receptors 
could limit the size of the follicular pool proceeding 
to ovulation and provide an additional marker for 
the process of atresia. We used the pregnant mare’s 
serum gonadotropin—primed, dihvdrotestosterone- 
treated, hypophysectomized immature female rat 
model of Bagnell et al.’ to test this hypothesis. 


Material and methods 


Immature female Sprague-Dawley rats hypophysec- 
tomized at 24 days of age were obtained from Charles 
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River Ltd. (Montreal, Quebec). Animals were main- 
tained on a 12-hour-light/12-hour-dark cycle with Pu- 
rina rat chow and 10% dextrose plus 0.9% saline avail- 


‘able as desired. 


Upon arrival at age 30 days, animals were weighed 
and randomly assigned to one of the three treatment 
regimens as indicated in Fig. 1: (1) saline and sesame 
oil, (2) pregnant mare’s serum gonadotropin and ses- 
ame oil, and (3) pregnant mare’s serum gonadotropin 
and dihydrotestosterone. Three experiments .were 
done. Animals were treated with 1 mg of dihydrotes- 
tosterone per kilogram of body weight in experiments 
1 and 2. with tissues used for frozen sections and rou- 
tine histologic examination, respectively (treatment 1, 
n = 6andn = 4; treatment 2, n = 5andn = 5; treat- 
ment 3, n = 5 and n = 5), and with 5 mg of dehydro- 
testosterone per kilogram of body weight in experiment 
3 (treatment 2, n = 5; treatment 3, n = 9). The first 
injection of pregnant mare’s serum gonadotropin or 
vehicle was given at 10:00 AM on day 30 and the second 
injection of dihydrotestosterone or vehicle, 30 hours 
later at 4:00 pm on day 31.:All animals were weighed 
24 hours later, decapitated, and blood was collected. 
Sera were stored for progesterone analysis. 

Heads were retained for verification of the complete- 
ness of hypophysectomy. Ovaries and uteri were 


‘weighed separately. Ovaries were then quick-frozen 


and stored in liquid nitrogen or fixed in Davidson’s 
fixative for routine histologic analysis. 

Alternate frozen sections, 8 m, were treated for 
enzyme histochemistry or topical autoradiography. The 
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Fig. 1. Experimental design. PMSG = Pregnant mare’s serum gonadotropin; DHT = dihydro- 
testosterone; SS = animals treated with saline and sesame oil (group 1); PS = animals treated with 
FMSG and sesame oil (group 2); PD = animals treated with PMSG and DHT (1 and 5 mg/kg) 


(group 3). 


Table I. Mean percent of positive reaction by antral follicles for acid phosphatase grades 1 and 2, and I-labeled 
hCG uptake grades | and 2, in frozen tissue sections 















Acid phosphatase in granulosa cells 
Treatment 


group 


1 (n = 6) 0.15 21.38 21.53 + 15.90 
2 (n = 6) 27.37 53.57 80.92 + 4.04 
3 (n = 5) 30.46 49,49 79.92 + 13.14 


Granulosa cell silver grain localization 


0.28 15.58 


Follicles with both acid 
phosphatase and silver 
grain localization 


15.90 + 9.17 9.47 + 8.08 
22.60 33.10 55.62 + 9.57 50.33 + 9.64 
' 22.74 34.24 56.84 + 6.97 52.66 + 10.26 


Kruskal-Wallis analysis of variance showed a significant (p < 0.01) interacton between the three treatment groups. Mann-Whitney 
U test {p < 0.05 to p < 0.001) indicated that the differences were significant between groups 2 and 3 and group 1. No significant 


differences were found between groups 2 and 3. 


presence of acid phosphatase was demonstrated by the 
method of Pearse* but with an acetate buffer, pH 5.0. 
Control sections were incubated without substrate, Sec- 
tions for autoradiography were incubated for 60 min- 
utes at 37° C with approximately 20,000 cpm of 'I- 
labeled human chorionic gonadotropin (hCG) solution 


(New England Nuclear, Lachine, Quebec; specific ac- ' 


tivity, 58.1 Cig). hCG was used instead of rat LH 
because it is easier to obtain in pure form and has the 
same biologic activity as LH. Control autoradiographic 


sections were incubated with a 3000-fold excess of cold. 


hCG (A.P.L. 10,000 USP, Ayerst Laboratories, Mon- 
treal, Quebec). After incubation, sections were fixed in 
Bouin’s fixative and dipped in Kodak NTB-2 Nuclear 
Track Emulsion and allowed to expose for 5 weeks at 
— 20° C, at which time they were photographically de- 
veloped. 

Radioimmunoassay. Radioimmunoassay of serum 
progesterone was performed with a progesterone anti- 
serum prepared by the method of Armstrong et al.’ 
The antiserum had a cross-reactivity of <0.1% for di- 
hydroprogesterone, testosterone, dihydrotestosterone, 


‘androstenedione, estradiol, and estrone ana 1.2% for 


corticosterone. | 

Quantitation. All slides of frozen sections were ran- 
domly assigned a code number and five sections were 
selected for quantitation from each animal in all three 
treatment groups. Histochemical sections were con- 


_ sulted for follicular reactivity to the lysosomal enzyme 


acid phosphatase. A grade 2—positive reaction was as- 
signed if a homogeneous distribution of a bright red 
color was present in the granulosa cell layer of the 
follicle. A negative reaction (0) was considered to be a 
dull brown-yellow color equivalent to the color of the 
stromal tissue on the control incubation slide. Follicles 
showing some red coloration but of variable distribu- 
tion within the granulosa cell layer and of lesser degree 
were considered to be positive and given a score of 1. 

Matching autoradiographic sections were similarly 
analyzed for the localization and degree of silver grain 
deposition within the granulosa cell layer: follicles 
showing definite dense black graining were graded as 
2; those showing levels not above background were 
considered to be 0; and those showing intermediate 
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. Fig. 2. Photomicrograph illustrates a typical positive reaction for acid phosphatase (black arrow). 
Control sections were much lighter in color and comparable to areas indicated by white arrow. (X 100.) 





Fig. 3. Photomicrograph illustrates typical autoradiograph of sections incubated with I-labeled 
hCG. Background activity was similar to area indicated by white arrow. (X 100.) 


levels were rated as 1. A follicle not present in slides 
for either manipulation was not included in the count. 

To establish follicle numbers, development, and 
health, every fifth routine histologic section of each 
ovary.was analyzed by counting the number of follicles 
exhibiting an oocyte nucleus in cross section. Devel- 
opmenit was classified by Pedersen and Peters” scheme 
based on the mouse and the health of the follicle was 


assessed by Byskov’s? morphologic criteria for atresia, 
where appropriate. Of the developmental classification, 
the primordial follicles constituted classes 1 to 3B with 
up to 60 granulosa cells; the preantral follicles, classes 
4 to 5B with up to 400 granulosa cells; and the antral 
group, classes 6 to 8 with granulosa cells >400. Clas- 
sifications 5A to 8 were considered to be equivalent to 
the antral follicles evaluated in frozen sections. These 
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Table II. Percentage of atresia in ovaries of animals treated with pregnant mare’s serum gonadotropin 
and dihydrotestosterone 


Treatment Treaiment Treatment 
Class Experiment group I group 2 group 3 
Follicular classes 5A-8 land 2 89.23 + 1.69 89.48 + 2.7] 80.58 + 2.92 
(n = 4) {n = 5) (n = 5) 
3 , — 90.94 + 3.31 88.90 + 2.70 
| (n = 5) (n = 9) 
Overall atresia classes 1-8 l and 2 49.00 + 5.90 53.40 + 5.82 27.80 + 4.96 
(n = 4) (n = 5) (n = 5) 
3 — 27.20 + 4.55 11.40 + 0.65 
(n = 5) (n = 9) 


Kruskal-Wallis analysis of variance indicated that there was a significant interaction (p < 0.05) in overall atresia between treatment 
groups in the combined data of experiments 1 and 2. Mann-Whitney U test showed that the difference (p < 0.001) was significant 
between treatment groups 2 and 3. 


Table III. Number of follicles per classification ‘in each ovary of animals treated with pregnant mare’s 
serum gonadctropin and dihydrotestosterone 












Follicular class 


ny a a  ....... ee ees 
group | met | 1 | 2 | oa | oe |e | sm | oe | oe | oe [8 


Total 


1 2 None 34.75 68.50 8.25 5.75 24.25 1.25 0.25 None None 143.00 
(n = 4) +11.90 +4.63 +£2.25 +0.85 +6.20 +0.75 +0.25 + 14.2] 

2 2 None 25.80 68.20 9.60 7.00 33.60 2.40 10.40 6.60 2.00 165.60 
(n = 5) +7.14 +1544 +2.69 +1.87 £7.27 +0.8) +328 +201 +055 +34.62 

3 51.60 140.20 6.20 3.40 21.60 0.83 3.00 3.00 2.00 232.00 

(n= 5) None +34.23 +5000 ` +2.23 +1.17 +630 +031 +105 +1.14 +0.32 +89.23 

3 2 0.20 67.00 . 101.00 8.60 3.60 24,20 2.80 6.40 4.80 1.60 220.20 
(In=5) +0.20 +2267 +21.18 +232 +1.21 +3.54 +111 +211 +£1.16 +103 +45.05 

3 None 94.89 299.69 6.67 7.33 27.44 2227 4.44 4.78 3.56 451.00 

(n = 9) +2035 +29.73 +158 +2.75 +453 +062 +0.75 +088 +0.93 +37.90 


Follicular classes 1 to 3B were primordial; 4 to 5B, preantral; and 6 to 8, antral. With the Mann-Whitney U test significant 
differences in numbers of follicles were found in class 3A between treatment groups 2 and 3 (p < 0.05, experiment 3); in class 
6, between treatment group | and those of treatment groups 2 and 3 (p < 0.01, experiment 2); in class 7, between treatment 


group l and those of treatment groups 2 and 3 (p < 0.01, experiment 2); and in total follicles, between treatment group 2 and 


group 3 (p < 0.001, experiment 3). 


data were then used to determine the percent of fol- 
licular atresia. | 

Statistical analysis. All data were expressed as the 
mean + SEM. For all data, p = 0.05 was taken as the 
level of significance. 

One-way analysis of variance and paired and un- 
paired ¢ tests were used to analyze body and organ 
weights and serum progesterone levels. Nonparametric 
data were analyzed with the Kruskal-Wallis analysis of 
variance and the Mann-Whitney U test. Contingency 
tables were used to evaluate acid phosphatase reactivity 
and “I-labeled hCG localization from which x?’ was 
derived. l 


Results 


Body and organ weights. No significant differences 
in total body weight before and after treatment were 
found for any group. Ovarian weights and uterine 
weights were found to be significantly different in treat- 
ment groups | and 2 but were not significantly different 


t 


` in treatment groups 2 and 3, reflecting the trophic in- 


fluence of pregnant mare’s serum gonadotropin on the 
ovaries (data not shown). 

Acid phosphatase and topical autoradiography for 
5] -labeled hCG. The percent of positive reactivity for 
antral follicles is shown in Table I. Significant differ- 
ences were found between groups | and 2 and 1 and 


3 but not between ? and 3 for the number of antral 


follicles with positive acid phosphatase reactivity, gran- 


-ulosa cell silver grain localization, or for those follicles 


exhibiting both. The number of follicles with both 'I- 
labeled hCG binding and positive acid phosphatase cor- 
related more closely with hCG binding. Fig. 2 illustrates 


' a section incubated with the substrate sodium a-naph- 


thyl phosphate for the histochemical demonstration of 


‘acid phosphatase. Similarly, Fig. 3 shows a section in- 


cubated with I-labeled hCG solution for the auto- 
radiographic localization of LH binding. 

The presence of a positive reaction for acid phos- 
phatase apparently correlated well with localization of 
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Table IV. Serum progesterone (nanograms per milliliter) in pregnant mare’s serum gonadotropin—treated rats 


Treatment Treatment Treatment 
Experiment group l group 2 group 3 
I and 2 0.44 + 0.57 1.69 +°0.94 2.13 + 1.07 
(dihydrotestosterone, 1 mg/kg) (n = 10) (n = 11) (n = 10) 
3 — 1.62 + 0.56 1.06 + 0.16 
(dihydrotestosterone, 5 mg/kg) (n = 5) (n = 9) 


Unpaired ¢ test: p < 0.001 between treatment groups 2 and 3 and group |; p < 0.05 between experiments | and 2 and experiment 


3 in treatment group 3. No other difference was significant. 


silver grains over the granulosa cell compartment for 
treatment groups 2 and 3, with x’ values of 103.30 and 
173.32. Treatment group 1 had a x’ of 212.56. Ovaries 
from this group showed a concentration of silver grains 
in the medullary region, as opposed to a more diffuse 
pattern for groups 2 and 3. 

Histologic determination of atresia. Table II gives 
the percent of atresia for the experiments where | or 
5 mg of dihydrotestosterone was used. No significant 
. difference in the incidence of atresia was seen in fol- 
licles classified as 5A to 8 for groups 1, 2, and 3. By 
contrast, analysis of the overall incidence of atresia 
within the total follicular population showed a signifi- 
cant decrease in group 3 compared to group 2. Animals 
treated with 5 mg of dihydrotestosterone also had a 
significantly lower incidence of atresia (42%) than those 
treated with 1 mg (52%). 

The number of follicles per classification group is 
shown in Table III. The total number of follicles 
counted ranged from 143 to 451, A significantly greater 
number of follicles of class 3A was found in group 3 
in experiment.3 where 5 mg of dihydrotestosterone 
was used. This group also had the largest total number 
of follicles. Significantly more follicles of types 6 and 7 
were found in groups 2 and 3, compared to group 1. 

Serum progesterone. Table IV shows the serum pro- 
gesterone concentrations. Pregnant mare’s serum go- 
nadotropin increased serum progesterone levels in all 
groups. Although it appeared that dihydrotestosterone 
had differential effects on pregnant mare’s serum go- 
nadotropin—increased progesterone levels, these levels 
were not significantly different from those achieved 
with pregnant mare’s serum gonadotropin alone. How- 
ever, progesterone levels with 5 mg of dihydrotestos- 
terone were lower than those with 1 mg. 


Comment 

The binding of LH to ovarian follicles has been 
shown to decrease in advanced atresia when analyzed 
for specific binding of radiolabeled LH in the sodium 
pentobarbital—treated proestrous rat? or the estrous 
ewe." Similar findings were reported in the degener- 
ating preovulatory rat follicle’ or with induced atresia 


in hamster follicles’ by means of topical autoradi- 
ographic techniques. Our original objective was to use 
a histochemical marker for early atresia in frozen sec- 
tions and to determine in the adjacent section whether 
'25]-labeled hCG uptake as measured by autoradi- 
ographic techniques could be correlated with the his- 
tochemical data. As shown in Table I, although there 
was a good correlation between positive acid phospha- 
tase activity and ‘I-labeled hCG uptake in the same 
antral follicles of 50% of groups 2 and 3, in all three 
experimental groups the total number of follicles with 
positive enzyme activity exceeded the total number of 
follicles with marked density of silver grains. Since acid 
phosphatase activity has been shown by cthers** to be 
a good marker for atresia, these data do suggest that 
there is decreased '*I-labeled hCG binding in granu- 
losa cells of early atretic follicles. hCG is known to bind . 
specifically to the LH receptor of rat ovaries"; thus the 
lack of '*I-labeled hCG binding cannot be explained 
on the basis of heterologous gonadotropins. 

Ideally, it was expected that histologic data, acid 
phosphatase activity, and '*I-labeled hCG uptake could 
be correlated on an individual follicle basis. Practically, 
the frozen sections did not fix and stain satisfactorily 
to provide sufficient resolution under microscopic ex- 
amination to allow assessment of atresia. One ovary of 
each pair in experiments 2 and 3 was therefore fixed 
and processed separately for histologic examination of 
atresia by the standard criteria of Byskov.® By these 
histologic criteria, the data in Table II indicate that the 
overall incidence of atresia was significantly decreased 
in group 3 animals compared to group 2 animals. This 
difference is accounted for by the higher percentage 
of normal follicles of classes 1 to 4 in the dihydrotes- 
tosterone-treated animals, since the incidence of atresia 
in follicles of classes 5A to 8 was similar in groups 2 
and 3. The overall atresia rate in experiment 3 was 
lower than that in experiment 2 and this could be due 
to differences in shipment of animals—those of ex- 
periment 3 were 6 to 11 gm lighter than those of ex- 
periment 2 and gained 10 to 13 gm of weight during 
the treatment period, whereas those in experiments | 
and 2 gained 1 to 4 gm. In spite of this apparent dif- 
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ference in rats, the effects of dihydrotestosterone were 
dramatically and unpredictably manifested in an over- 
‘all decrease in atresia in both experiments, strongly 
suggesting that the model for atresia as described by 
Bagnell et al.” must be viewed with caution. Contami- 
nation of the dihydrotestosterone was ruled out by re- 
crystallization of the steroid used and assessment of its 
melting point, which was identical to that of dihydro- 
testosterone. . 

Although we used the identical protocol of Bagnell 
et al.” we were unable to replicate their results in terms 
of a dihydrotestosterone-influenced increase in the 
atretic rate. These differences may be due to meth- 
odology. We made every attempt to analyze the follicles 
in an unbiased fashion. Slides were coded and exam- 


ined by a number that was decoded once all the analyses © 


for one experiment were done. For none of our anal- 
yses by histochemistry, autoradiography, or histology 
were we able to detect an increase in atretic follicles 
after dihydrotestosterone treatment. Our results cor- 
respond somewhat to data reported by Farookhi and 
Desjardins” that in some circumstances dihydrotestos- 
terone does not increase atresia, as evidenced by ab- 
sence of differences in ovulation rates, but may increase 
follicular development. This would be compatible with 
our observations in experiment 3 where there was a 
threefold increase in the numbers of class 3A follicles 
after dihydrotestosterone treatment. 

In experimentally induced atretic follicles of the 
hamster there is a shift of steroidogenesis from estro- 
gen to progesterone synthesis. The absence of any 
significant increase in progesterone levels in the group 
3 animals as compared to group 2 animals (Table IV) 
provides further supporting data that increased atresia 
is not associated with dihydrotestosterone treatment. 

In summary, our data suggest that, contrary to ac- 
cepted beliefs, dihydrotestosterone may not induce 
atresia but indeed may stimulate early follicular devel- 
opment. 


We are grateful to Drs. A. G. Byskov and A. Hirsh- 
field for assistance in interpreting follicular devel- 
opment. 
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Longitudinal measurements of fetal breathing, body 
movements, heart rate, and heart rate accelerations and 
decelerations at 24 to 32 weeks of gestation 


Renato Natale, M.D., Constance Nasello-Paterson, B.Sc., and Robert Turliuk, B.Sc. 


London, Ontario, Canada 


Fetal breathing, fetai body movements, fetal heart rate, and fetal heart rate accelerations and decelerations 
were studied longitudinally in healthy fetuses between 24 and 32 weeks’ gestation in the second and 

third hour following an 800 kcal maternal meal. The expected increase in fetal breathing following a maternal 
meal was not seen until fetuses were at 30 to 32 weeks’ gestation. The number of body movements 
decreased and the interaction between body movements and fetal heart rate accelerations became more 
evident as fetuses became older. Fetal heart rate decelerations increased with gestational age, and 

the relative proportion of total decelerations that were either associated with body movements or were part 
of a deceleration/acceleration/deceleration complex increased from 24 to 32 weeks’ gestation. The data 
support the hypothesis that gestational age is an important variable to consider when interpreting biophysical 
measurements in the human fetus at 24 to 32 weeks’ gestation. Fetal body movements may be the 

single most important measurement of fetal health at these gestational ages. (Am J OBSTET GYNECOL 


1985;151:256-63.) 


Key words: Fetal breathing, fetal body movements, fetal heart rate 


The concept of cycles of rest and activity in the hu- 
man fetus as determined by measurements of fetal 
heart rate, body movements, and breathing have be- 
come well accepted.’ This concept has led to the phys- 
iologic basis for the appropriate clinical use of fetal 
biophysical measurements for the identification of fetal 
well-being antenatally. These same biophysical mea- 
surements have only received preliminary-clarification 
in preterm fetuses.”* . 

The purpose of the present study was to longitudi- 
nally determine normal patterns of fetal breathing, fe- 
tal body movements, fetal heart rate, and fetal heart 
rate accelerations and decelerations in healthy fetuses 
of normal pregnant women at 24 to 32 weeks’ gestation. 


Material and methods 


Fetal breathing movements, fetal gross body move- 
ments, fetal heart rate, and maternal heart rate were 
recorded simultaneously for 2 hours beginning 1 hour 
after an 800 kcal breakfast or lunch (Fig. 1) in a group 
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of 11 normal pregnant women studied longitudinally 
between gestational ages of 24 to 32 weeks. Each woman 
was studied four consecutive times, once each 24 to 26, 
26 to 28, 28 to 30, and 30 to 32 weeks’ gestation. The 
patients were certain of their menstrual dates, and all 
had had an early pregnancy examination. Their dates 
were confirmed at the time of each study by a deter- 
mination of the fetal biparietal diameter. l 
Fetal breathing movements and gross body move- 
ments were recorded with the use of a real-time scanner 
(ADR, Tempe, Arizona). Individual breaths and gross . 
body movements were identified on a video screen and 
recorded on-a chart recorder with an event marker as 
previously described.” Fetal heart rate was simulta- 
neously recorded by means of a Hewlett Packard 8030A 
ultrasonic external fetal heart monitor. Maternal heart 
rate was recorded from three conventional electrocar- 


-diogram electrodes placed on the maternal chest. 


Each parameter was analyzed independently in con- 
secutive 1-minute epochs. The proportion of each con- 
secutive 1-minute epoch during which fetal breathing 
movements and fetal gross body movements were pres- 
ent was analyzed to determine the respective incidence 
of each. Also, the number of fetal gross body move- 
ments which occurred during the 2-hour recording pe- 
riod was analyzed. A train of any number of fetal body 
movements which occurred <6 seconds apart was iden- 
tified as a single movement. The duration of each 
movement was also identified. In addition, the intervals 
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of time during which no movement was observed was 
also identified for each 2-hour recording. 
The mean fetal heart and maternal heart rates were 


established and were correlated for each age group. — 
Accelerations and decelerations in fetal heart rate >10 


bpm from baseline for a minimum duration of 10 sec- 
onds were identified. Baseline fetal heart rate was de- 
fined as the mean fetal heart rate 3 minutes before and 
3 minutes after an observed change. Accelerations and 
decelérations were then classified into three groups: 
-= 210 bpm but <15 bpm, 215 bpm but <20 bpm, and 
220 bpm. An epoch was excluded from analysis if it 
contained >30 seconds (i.e., 50%) of fail time for fetal 
heart rate analysis or >12 seconds (i.e., 20%) of fail 
time for fetal breathing and body movement analysis. 
Accelerations and decelerations were then classified ac- 
cording to whether they were associated with fetal body 
movements. A. heart rate change was classified as being 
with movement if the movement occurred within 30 
seconds of the start of the acceleration or deceleration. 
Movements were also analyzed to identify those which 
occurred without accelerations or decelerations. De- 
célerations were then further classified to include those 
that were part of an acceleration/deceleration or de- 
celeration/acceleration complex (i.e., deceleration as- 
sociated with acceleration}. Results presented are ex- 
pressed as the mean plus or minus the standard error, 
and significance was determined by means of a paired 
é test. 


. Results 
A summary of the patient data and fetal outcome is 
presented in Table I. It will be noted that the caloric 
intake at each of the gestational ages studied was not 


statistically different. All fetuses were normal at birth.. 


Technical and patient interruption fail times for fetal 
breathing and gross fetal body movements were 2.0%, 
4.9%, 0.7%, and 2.5% at 24 to 26, 26 to 28, 28 to 30, 
and 30 to 32 weeks’ gestation, respectively. 

Fetal breathing. Fetal breathing in.the second and 
third hour after an 800 kcal maternal meal increased 
progressively from 5.8 + 0.7% at 24 to 26 weeks’ ges- 
tation to 11.3 + 1.4%, 19.5 + 1.0%, and 30.5 + 1.1% 


(p < 0.001) at 26 to 28, 28 to 30, and 30 to 32 weeks’ 


gestation respectively. That is, the fetal breathing re- 
sponse that was normally expected in the second and 
third hour”? was not apparent until 30 to 32 weeks’ 
gestation and was totally absent at 24 to 26 and 26 to 
28 weeks’ gestation (Fig. 2): 

Fetal body movements. The mean number of fetal 
body movemer.ts per 2-hour period decreased signifi- 
cantly (p < 0.05) from 106.5 + 9.8 at 24 to 26 weeks’ 
gestation to 76.7 + 7.9 and 69.3 + 4.7 at 28 to 30 and 
30 to 32 weeks’ gestation, respectively (Fig. 3). 
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Recording of 
800 Keal Fetal Breathing, 
Meal Body Movements, 
| START and Heart Rate STOP 
. E =] 
tso to t20 
TIME (minutes) 


Fig. 1. Design of experiment. 


Table I. Summary of patient data and fetal 
outcomes 


Characteristic | Measurement : 


Maternal age (yr) 26.2+ 0.6 
Maternal caloric intake (kcal) 
24-26 weeks 679.1 + 40.6 
26-28 weeks 714.1 + 71.1 
28-30 weeks 764.5 + 26.6 
30-32 weeks 722.8 + 26.9 
Gestational age at time 
of study (wk) 
By menstrual age 
24-26 weeks 24.3 + 0.2 
26-28 weeks 26.9 + 0.2 
28-30 weeks 28.9 + 0.2 
30-32 weeks | 30.8 + 0.1 
By biparietal diameter 
24-26 weeks 24.3 + 0.4 
26-28 weeks 27.3 + 0.2 
28-30 weeks 29.2 + 0.2 
30-32 weeks 31.5 + 0.2 
Gestational age at 40.0 + 0.3 


delivery (wk) 
Infant birth weight (gm) 
5-Minute Apgar score 


3734.1 + 145.0 
9.0 + 0.4 


The percent time spent making fetal body move- 
ments in the second and third hour following an 800 
kcal maternal meal was 10.7 + 0.8, 9.5 + 0.5, 7.0 + 
0.5, and 6.8 + 0.5 at 24 to 26, 26 to 28, 28 to 30, and 
30 to 32 weeks’ gestation. While the percent time spent 
making fetal body movements was statistically signifi- 
cantly reduced at 28 to 32 weeks’ gestation as compared 
to 24 to 28 weeks’ gestation (p < 0.01), the differences 
were not large. 

The frequency distribution of the duration of move- 
ments was not statistically different from 24 to 32 weeks’ 
gestation. (Fig. 4). Approximately 30% of all. move- 
ments were >5 seconds but <15 seconds in duration 
in all gestational age groups, and only 4.6%, 4.3%, 
3.1%, and 5.9% of all movements were >15 seconds’ 
duration at 24 to 26, 26 to 28, 28 to 30, and 30 to 32 
weeks’ gestation, respectively. Examination of consec- 
utive epochs of time in which no movement occurred 
demonstrated that the longest interval of time without 
a movement occurring in 95% of the intervals studied 
was 6 minutes at 24 to 28 weeks’ gestation and 10 min- 
utes at 28 to 32 weeks’ gestation (Fig. 5). 
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30-32 weeks 


24-26 weeks 


90. 120 


TIME (minutes) 


Fig. 2. The incidence of fetal breathing activity plotted in 10-minute epochs, per 2 hours at 24 to 
26 and 30 to 32 weeks’ gestation. The percentage of time spent making fetal breathing movements 
increased significantly between these gestational ages (p < 0.001). 
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Fig. 3. The mean number of fetal body movements at 24 to 
32 weeks’ gestation (p < 0.05). 


Fetal heart rate. The mean 2-hourly fetal heart rate 
decreased from 148.8 + 0.3 bpm at 24 to 26 weeks 
gestation to 144.3 + 0.5 bpm at 30 to 32 weeks’ ges- 
tation (p < 0.01). The mean heart rate during epochs 
of movement (Fig. 6), while decreasing with gestational 
age, was consistently higher as compared to epochs of 
time with no movement (p < 0.01). 


Examination of the correlation coefficient between: 


the mean 2-hourly maternal and the mean 2-hourly 
fetal heart rate was 0.5, 0.62, 0.52, and 0.11 at 24 to 
26, 26 to 28, 28 to 30, dnd 30 to 32 weeks’ gestation. 
This relationship was only statistically significant for 
fetuses at 26 to 28 weeks’ gestation (Figs. 7 and 8). | 
Fetal heart rate accelerations and decelerations. The 


j 24-26 26-28 28-30 30-32 : 


number of fetal heart rate accelerations increased sig- 
nificantly from 7.6 + 1.2 at 24 to 26 weeks’ gestation 
to 21.9 + 3.9, 21.3 + 2.3, 21.5 + 1.9 at 26 to 28, 28 
to 30, and 30 to 32 weeks’ gestation, respectively 
(p < 0.001) (i.e., after 26 weeks they remained con- 
stant), Analysis of the frequency distribution of the am- 
plitude of accelerations (Fig. 9) showed that as fetuses 
became older, the percent of total accelerations <15 
bpm decreased significantly from 72.4% of total accel- 
erations at 24 to 26 weeks’ gestation to 52.1% at 30 to 
32 weeks’ gestation (p < 0.01). The proportion of ac- 
celerations >15 bpm increased significantly from 
27.6% of total accelerations at 24 to 26 weeks’ gestation 
to 47.9% at 30 to 32 weeks’ gestation (p < 0.01). Sim- 
ilarly, accelerations >20 bpm increased significantly 
from 0 at 24 to 26 weeks to 22.8% of total accelerations 
at 30 to 32 weeks’ gestation (p < 0.01). 

At 24 tc 26 weeks’ gestation 18.4% of all accelerations 
were not associated with fetal body movements. This 
remained relatively constant to 32 weeks’ gestation. It 
was of note that the vast majority of these accelerations 
were <15 bpm with only 3.2% to 5.7% of them being 
215 bpm and therefore clinically recognizable. That ts, 
at 30 to 32 weeks’ gestation, 4.7% of total accelerations 


‘were spontaneous occurrences. The remainder of the 


accelerations (Fig. 10) occurred with fetal body move- 
ments. Of those, 57.9%, 47.5%, 39%, and 40.9% were 
<15 bpm in amplitude at 24 to 26, 26 to 28, 28 to 30, 
and 30 to 32 weeks’ gestation, respectively. That is, 
nearly 60% of total accelerations that were associated 
with body movements at 24 to 26 weeks’ gestation and 
41% of total accelerations at 30 to 32 weeks’ gestation 
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Fig. 4. Frequency distribution of the duration of fetal body movements at 24 to 32 weeks’ gestation. 
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Fig. 5. Percentage of intervals with no fetal body movements per 2 hours at 24 to 32 weeks’ gestation. 


were not clinically recognizable as fetal heart rate ac- 
celerations associated with body movements (p < 0.05). 
Finally, 30% of the total number of movements were 
not associated with a fetal heart rate acceleration from 
24 to 32 weeks’ gestation. That is, between 24 to 32 
weeks’ gestation, 18.4% of total accelerations were not 
associated witn movements and 30% of total move- 
ments were not associated with fetal heart rate accel- 
erations. 


The mean number of fetal heart rate decelerations 
increased significantly from 4.2 + 0.7 at 24 to 26 weeks 
to 9.3 + 2.1, 9.4 + 2.0, and 8.5 + 2.1 at 26 to 28, 28 
to 30, and 30 to 32 weeks’ gestation, respectively 
(p < 0.05). Examination of the frequency distribution 
of the amplitude of decelerations (Fig. 11) showed that 
decelerations <15 bpm accounted for approximately 
60% of all decelerations and that =15 bpm accounted 
for approximately 40% of all decelerations in all ges- 
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Fig. 6. Mean fetal heart rate during epochs of fetal body movements compared to epochs with no 
fetal body movements at 24 to 32 weeks’ gestation (p < 0.001). 
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tational ages between 24 and 32 weeks. It was of note = The percent of fetal heart rate decelerations associ- 
that consistently about 15% of all decelerations were ated with movement tended to increase with gestational 
profound and >20 bpm between 24 and 32 weeks’ age (not statistically significant). At 24 to 26 weeks’ ges- ` 


gestation. tation, 35.7% of all decelerations were associated with 
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AMPLITUDE OF ACCELERATIONS ({b.p.m.)} 


Fig. 9. Frequency distribution of the amplitude of fetal heart 
rate accelerations at 24 to 32 weeks’ gestation. The proportion 
of fetal heart rate accelerations <15 bpm decreased signifi- 
cantly from 24 to 32 weeks’ gestation (72.4%, 61.2%, 55.9%, 
52.1%), whereas the proportion of accelerations =15 bpm 
increased significantly (27.6%, 38.8%, 44.1%, 47.9%), as did 
those =20 bpm (0%, 16.0%, 13.6%, 22.8%) at the same ges- 
tational ages (p < 0.01). a 
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AMPLITUDE OF ACCELERATIONS 
ASSOCIATED WITH MOVEMENTS (b.p.m.} 


Fig. 10. Frequency distribution of the amplitude of fetal heart 
rate accelerations associated with fetal body movements. A 
significantly smaller proportion of fetal heart rate accelera- 
tions were <15 bpm and associated with movement between 
24 to 32 weeks’ gestation (57.9%, 47.5%, 39.0%, 40.9%), 
whereas accelerations =15 bpm and associated: with move- 
ment increased significantly (23.7%, 35.6%, 38.5%, 43.2%), 
as did those =20 bpm (0%, 16.0%, 11.7%, 20.9%) (p < 0.05). 


fetal body movements. This association increased to 
47.4%, 50.1%, and 51.8% at 26 to 28, 28 to 30, and 30 
to 32 weeks’ gestation but was not statistically significant 
(Fig. 12). | 
The proportior. of decelerations associated with an 
acceleration increased with gestational age (p < 0.01). 
At 24 to 26 weeks’ gestation, only 19.1% of all decelera- 
tions were associated with an acceleration, whereas 
49.5% of all decelerations were associated with an ac- 
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AMPLITUDE OF DECELERATIONS (b.p.m.) 


Fig. 11. Frequency distribution of the amplitude of fetal heart 


rate decelerations at 24 to 32 weeks’ gestation. The propor- 


tion of decelerations <15 bpm was not significantly differ- 
ent (59.5%, 57.0%, 59.6%, 67.1%) nor were the proportions 


_215 bpm (40.5%, 43.0%, 40.4%, 33.0%) or those =20 bpm 


(16.7%, 18.3%, 13.8%, 16.5%) across gestational ages. 
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AMPLITUDE OF DECELERATIONS 
ASSOCIATED WITH MOVEMENTS (b.p.m.) 


Fig. 12. Frequency distribution of the amplitude of fetal heart 
rate decelerations associated with fetal body movements at 24 
to 32 weeks’ gestation. The proportion of decelerations with 
movement <15 bpm was not statistically different (19.0%, 
28.0%, 30.9%, 35.3%), nor were the proportions #15 bpm 
(16.7%, 19.4%, 19.2%, 16.5%) or those +20 bpm (4.8%, 
18.3%, 6.4%, 10.6%) across gestational ages. 


celeration at 30 to 32 weeks’ gestation (p < 0.001) (Fig. 
13). The number of spontaneous decelerations de- 
creased from 45.2% at 24 to 26 weeks’ gestation to 
32.8% of total decelerations at 30 to 32 weeks’ gestation. 
That is, spontaneous decelerations in fetal heart rate 


.are more commonly observed at 24 to 26 weeks’ ges- 


tation as compared to older fetuses. 


Comment 

Long-term simultaneous recording of fetal body 
movements, fetal breathing, and fetal heart rate in the 
last 10 weeks of pregnancy has established the existence 
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AMPLITUDE OF DECELERATIONS 
y ASSOCIATED WITH ACCELERATIONS (b.p.m.)} 


Fig. 13. Frequency distribution of the amplitude of fetal heart 
rate decelerations associated with a fetal heart rate acceleration 
at 24 to 32 weeks’ gestation. The proportion of decelerations 
<15 bpm associated with an acceleration increased signifi- 


cantly (14.3%, 18.3%, 28.7%, 31.8%), as did those =15 bpm ` 


(4.8%, 19.3%, 13.8%, 17.7%) and those #20 bpm (2.4%, 7.5%, 
5.3%, 11.8%) across gestational ages (p < 0.05). 


of cycles of rest and activity in the human fetus.'* These 
periodicities recur about every 80 to 120 minutes.'“ 
Similar periodicities, although alluded to,** have not 
been clearly measured in younger fetuses. 

In the present studies we found that younger fetuses 
did not have the expected increase in fetal breathing’ 
following a maternal meal until 30 to 32 weeks’ ges- 
tation, clearly suggesting that periodicities in fetal 
breathing are not established before 50 weeks’ of ges- 
tation. Also, the number of movements decreased as 
fetuses became older; moreover, the longest interval of 


no movement for 95% of the observation epochs was. 


doubled only by 32 weeks’ gestation. This suggests that 
periodicities in fetal body movements are probably not 
clearly established in younger fetuses until 30 to 32 
weeks’ gestation. This is clinically important because, 
unlike near-term fetuses, fetuses between 24 to 32 
weeks gestation are seldom quiet and therefore the pro- 
longed absence of fetal movement may be the best in- 
dicator of a sick fetus at these gestational ages. 

The mean 2-hourly fetal heart rate decreased sig- 
nificantly with gestational age; however, the mean fetal 
heart rate during episodes of movements was higher 
than during episodes of no movement. This suggests 
that although gestational age has an important effect 
on mean fetal heart rate,'™ °? fetal body movements are 
also important modulators of mean fetal heart rate. 
This is in agreement with other investigators” '? who 
have suggested that, during the last half of. pregnancy, 
the fetal heart rate pattern becomes dominated by ep- 
isodes of low or high heart rate variation and that fetal 
activity occurs usually in periods of increased heart pe- 
riod variation.’ | 
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Also, unlike Patrick et al.” who found a high cor- 
relation between daily mean maternal and fetal heart 
rate at term, we found a correlation only at 28 to 30 
weeks’ gestation. The explanation for the difference 
hes most likely in our short sampling period. 

Although we, like others,*’' found that the total num- 
ber of fetal heart rate accelerations increased as ges- 
tational age increased, the proportion of larger ampli- 
tudes of fetal heart rate accelerations (i.e., >15 bpm) 
increased with gestational age, and the proportion of 
total heart rate accelerations associated with fetal body 
movements shifted from low amplitude tvpes of accel- 
erations (i.e., <15 bpm) to accelerations of higher am- 
plitude (i.e., 215 bpm) as fetuses reached 32 weeks’ 
gestation. Clinically, this is important because low-am- 
plitude accelerations are not recognizable on biophys- 
ical tests of fetal well-being." Although large-ampli- 
tude accelerations with movement may be present in 
younger fetuses, they made up only 43.2% of total ac- 
celerations at 30 to 32 weeks’ gestation. 

It was also of note that from 24 to 32 weeks’ gestation, 
approximately 20% of all accelerations were not asso- 
ciated with movements and 30% of all movements were 
not associated with fetal heart rate accelerations. This 
is different from near-term and term healthy fetuses 
in which fetal body movements are invariably associated 
with accelerations in fetal heart rate.** !* 1 

Unlike other investigators,” | we found that the 
number of decelerations increased with gestational age. 
We believe this to be the result of different criteria for 


selecting fetal heart rate decelerations. Others®”"' have 


defined a deceleration as any change below a fetal heart 
rate baseline of 10 bpm without any regard for the 
duration of the change. We applied the same criteria 
to define fetal heart rate decelerations that were used 


‘to define fetal heart rate accelerations. Using these strict 


criteria and defining decelerations that occurred as an 
acceleration complex or with movement, we were un- 
able to demonstrate many spontaneous decelerations 
beyond 30 weeks’ gestation whereas they were com- 
monly seen in the extremely premature fetus. 

In summary, the data support the hypothesis that 
biophysical measurements in the human fetus at ges- 
tational ages of 24 to 32 weeks are very different from 
those in near-term fetuses and suggest that there is a 
maturational component that must be taken into ac- 
count when interpreting measurements of fetal breath- 
ing, gross body movements, fetal heart rate, and fetal 
heart rate accelerations and decelerations at these ges- 
tational ages. Furthermore, both spontaneous deceler- 
ations and accelerations may be present in fetuses at 
24 to 32 weeks’ gestation although it is unusual to see 
spontaneous decelerations beyond 30 weeks’ gestation. 
Also, these studies point out that simultaneous mea- 
surements of fetal heart rate, fétal body movements, 
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and fetal breathing at 24 to 32 weeks’ gestation are 
required to help elucidate at what gestational age the 
cycles of rest and activity become clearly demarcated 
and what the periodicities of these cycles of rest and 
activity are at these gestational ages. Such data would 
provide the physiologic basis for meaningful criteria 
for the use of such measurements in determining fetal 
health. Because fetal body movements are very sensitive 
to fetal oxygenation,” fetal body movements alone may 
be the easiest and most reliable biophysical measure- 
ment by which to assess fetal health at 24 to 32 weeks’ 
gestation, . 
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Decreased serum reverse triiodothyronine levels with major 


weight loss in obese women 


I. M. Hramiak, M.D., and J. A. eee M.D. 
London, Ontario, Canada 


Anorexia nervosa is accompanied by increased serum reverse triiodothyronine levels and decreased 
serum triiodothyronine levels. We observed 28 women undergoing gastric plication for morbid obesity and 
found serum reverse triiodothyronine levels to be significantly decreased (p = 0.018) from a preoperative 
mean (+ SD) of 0.30 (+0.17) to 0.21 (+0.06) ng/ml after weight loss. As all of cur subjects were on 
semistarvation diets and had a significant weight loss (p < 0.001), the observed decrease in reverse 
triiodothyronine rather than increase (as reported in anorexia nervosa) suggests factors other.than weight 
loss or a semistarvation diet are important in the reverse triiodothyronine increase observed in anorexia 


nervosa. (AM J Osstet GynecoL 1985;151:264-7.) 


Key words: Obesity, thyroid hormone, reverse triiodothyronine, weight loss 


Anorexia nervosa is characterized by semistarvation 
and marked weight loss in young women."? Thyroid 
hormone metabolism may be reversibly altered in fast- 
ing states. Monodeiodination of thyroxine in the liver 
results in the production of either serum reverse triio- 
dothyronine or serum triiodothyronine. In fasting 
states such as anorexia nervosa, increased serum re- 
verse triiodothyronine and decreased serum triiodothy- 
ronine levels are found after marked weight loss.’? 

Another group of women who experience profound 
weight loss are morbidly obese women who undergo 
gastric plication and are placed on a semistarvation diet. 
The aim of the present study was to assess thyroid 
parameters in these subjects during profound weight 
loss and semistarvation. 


Material and methods 


The study group consisted of 28 premenopausal 
women, with a mean age of 35.6 years, who planned 
to have gastric plication for control of morbid obesity. 
These women were a minimum of 100% above their 
ideal weight with preoperative mean weight + SD of 
128.6 + 22.4 kg. With the use of a calculation for ideal 
body weight,? the mean weight + SD above ideal 
weight (A ideal weight) was 71.1 + 22.3 kg. 

All subjects were interviewed and clinical data re- 
corded at the beginning and end of the study. Subjects 
on regimens of hormonal medications or medications 
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known to influence hormone levels were adui at 
the outset of the study. Two subjects received medroxy- 
progesterone acetate before the study was completed. 
There were numerous questions dealing with symp- 
toms and signs of thyroid disease asked in the initial 
and final interview. After operation, all subjects were ` 
instructed on at least one occasion concerning their 
semistarvation diet of 3150 kJ (750 kcal diet). The di- 
etary components was 60% protein, 20% fat, and 20% 


-carbohydrates. 


The subjects were weighed and blood samples drawn 
preoperatively and on threé to five occasions over the 
2 years of weight loss. The blood was prepared as se- 
rum, stored at — 20° C, and analyzed in series at the 
completion of the study. For the purpose of this study 
the serum sample drawn preoperatively was com- 
pared to the sample at the point at which maximum 
weight loss had occurred in the follow-up. period. Se- 
rum concentrations of thyroxine, triiodothyronine, re- 
verse triiodothyronine, and thyroid-binding globulin 
were measured by standard radioimmunoassay tech- 
niques.* * For the ratios of reverse triiodothyronine . 
thyroxine and triiodothyronine/thyroxine all of the 
data were expressed in units of nanograms per deci- 
liter. For the conversion of thyroxine data, we used the 
equation: 

thyroxine, nanomoles per liter, x K = 

thyroxine, nanograms per deciliter 


where K = 1.28. The serum reverse triiodothyro- 
nine data was converted from nanograms per milliliter 
to nanograms per deciliter by a factor of 100. Albumin 
was measured by the bromocresol green dye-dilution 
technique.” 

Statistical analysis was carried out with a paired ¢ test 
to compare the significance of changes seen over the 
period of weight loss. 
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Fig. 1. The mean (+ SEM) values of A ideal weight (deviation from ideal weight) and serum thyroxine, 
serum triiodothyronine, and serum reverse triiodothyronine before operation (hatched) and after 
maximum weight loss are expressed. Significant differences ‘were found in the weight loss 
(*p < 0.001) and reverse triiodothyronine values (**p = 0.018). 


Table I. Values before operation and after maximum weight loss 














Serum 
thyroxine 


(ngidl) 


134 + 30.8 
131 + 35.3 


Before operation 
After maximum , 
weight loss 


*p = 0.04. 


Results 

As illustrated in Fig. 1, a significant decrease (p < 
0.001) was observed for the mean + SD A ideal weight 
from 71.1 + 22.3 kg before operation to 31.6 + 19.0 
kg after weight loss. All 28 women demonstrated con- 
sistent decreases in A ideal weight over the study period. 

A comparison of the thyroid parameters before op- 
eration and after maximum weight loss is illustrated in 
Fig. 1. The serum reverse triiodothyronine decreased 
significantly from a mean + SD of 0.30 + 0.17 ng/ml 
before operation to 0.21 + 0.059 ng/ml after weight 
loss (p = 0.018). The coefficient of variation was 57% 
before operation and 28% after weight loss. The serum 
triiodothyronine mean + SD was 127.6 + 29.0) ng/dl 
before operation and 136.1 + 27.7 ng/dl after weight 
loss. The serum thyroxine level remained unchanged 
and in the euthyroid range both before operation 


(mean + SD, 104.7 + 24.0 nmol/L) and after weight 


loss (102 + 26.5 nmol/L). As the serum reversé triio- 
dothyronine is primarily derived from thyroxine me- 
tabolism, the proportion of thyroxine metabolized to 
reverse triiodothyronine is expressed as a percentage 












Serum 
triiodothyronine 
(ng/dl) 


131.1 + 27.) 
138.1 + 27.8 










. Serum reverse 
triiodothyronine 


(ng/dl) 


Reverse triiodothyronine 
x 100 thyroxine 
(%) 


30.4 +17 99.7% 
91.0 + 5.9 16.0* 


‘of the ratio reverse triiodothyronine/thyroxine. The 


reverse triiodothyronine/thyroxine ratio decreased sig- 
nificantly (p = 0.04) from 22.7% before operation to 
16.0% after maximum weight loss (Table I). 
Thyroid-binding globulin levels did not change over 
the period of weight reduction (Fig. 2). Serum albu- 
min, however, increased significantly (p < 0.001) from 
a preoperative mean + SD of 40.3 + 6.6 gm/L to 


47.2 + 3.2 gm/L after weight loss (Fig. 2). 


Comment | 
Plasma thyroxine is converted to triiodothyronine 
and reverse triiodothyronine through monodeiodina- 


tion in the liver. Chopra’ reported that 97.5% of serum 


reverse triiodothyronine results from this peripheral 
monodeiodination. It is not known what factors deter- 
mine in what proportion triiodothyronine and reverse 


triiodothyronine are produced from thyroxine. 


In acute illness involving protein malnutrition, such 
as anorexia nervosa, the serum triiodothyronine level 
is decreased after weight loss and a reciprocal increase 
in serum reverse triiodothyronine is seen. As serum 


~ 


266 Hramiak and Nisker 


IN| ‘Li 


Fig. 2. The mean (+SD) values of serum albumin and serum 
thyroid-binding globulin (TBG) before operation (hatched) and 
after maximum weight loss are shown. A significant difference 
was observed in the serum albumin level (*p < 0.001) after 
maximum weight loss. 


triiodothyronine is the active metabolite responsible for 
energy expenditure, the decrease in thyroxine to triio- 


dothyronine conversion and the reciprocal increase in - 


thyroxine to reverse triiodothyronine conversion is 
viewed as an attempt at metabolic conservation. All pa- 
tients do not consistently demonstrate this reciprocal 
relationship between serum reverse triiodothyronine 
and triiodothyronine.’ In our patients the decreased 
serum reverse triiodothyronine level with no change in 
serum triiodothyronine and serum thyroxine levels 
could be explained by the following: (1) a decreased 
production rate of reverse triiodothyronine from thy- 
roxine, (2) an increased clearance rate of reverse triio- 
dothyronine, (3) an increased proportion of thyroxine 
being converted to another metabolite such as tetraio- 
dothyroacetic acid. 

Grant et al.” described an increase in tetraiodothy- 
roacetic acid production in fasting patients with hepatic 
cirrhosis. A similar situation may exist in our subjects 
in that other metabolites of thyroxine that we did not 
measure may be produced when the reverse triiodothy- 
ronine is decreased. 

Grant et al? demonstrated that acute weight loss on 
a semistarvation formula diet (containing a mixture of 
protein and carbohydrates)-resulted in normal serum 
reverse triiodothyronine values but low serum trilo- 
_dothyronine levels. It has been shown that the addition 
of glucose to a starvation diet will also normalize low 
serum triiodothyronine levels. There is then a sensi- 
tive response in thyroid hormones to dietary constit- 
uents. The diet which anorexic patients follow is vari- 
able in carbohydrate and glucose content and, in order 
to achieve such rapid weight loss, it often is much lower 
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Fig. 3. The individual serum reverse triiodothyronine values 
before operation (left) and after maximum weight loss (right). 
The mean value for the group after maximum weight loss was 
significantly lower than the preoperative value. * = p< 
0.018. 


in calories than 750 kcal per day. Although hypoal- 
buminemia may result in sevẹre cases of protein mal- 
nutrition such as Kwashiorkor, this is -rarely seen in 
subjects with anorexia nervosa. Thus the changes in 
thyroxine metabolism need not be accompanied by, 
changes in serum albumin. The observed increase in 
serum albumin after weight loss was unexpected. We 
plan to use more specific techniques to measure albu- 
min in order to assess the importance of this observa- 
tion. Our population of morbidly obese women ate a 
mixed protein-carbohydrate diet with a much lower 
caloric count than that prior to gastric plication but far 
in excess of a true fasting state. Moreover, the majority 
of our obese women were still above their ideal weight 
even at their point of maximum weight loss. This 1s 
quite different from women with anorexia nervosa who 
are 20% to 30% below ideal weight when thyroid hor- 
mone changes are noted. In anorexia nervosa, the 
weight loss may occur over a very brief period of time 
while our obese subjects demonstrated their weight loss 
over a more prolonged time interval of 1 to 2 years. 
As illustrated in Fig. 3, although the mean reverse 
triiodothyronine for subjects before operation was 
higher than the value after weight loss, only six subjects 
had preoperative reverse triiodothyronine levels higher 
than the highest value after weight loss. The decrease 
in reverse triiodothyronine may be explained largely 
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by the decrease in these six patients. Thus two 
subgroups mav exist in an obese population with re- 
spect to serum reverse triiodothyronine levels. Regard- 
less, the expected increased reverse triiodothyronine, 
seen in anorexia nervosa, certainly was not observed in 
these obese subjects. . 

Although women with anorexia nervosa and weight 
loss after gastric plication are similar in that they ex- 
perience profound weight loss, the serum reverse triio- 
dothyronine value moves in opposite directions. Per- 
haps the degree of adiposity per se rather than caloric 
intake or amount of weight may be the important vari- 
able influencing serum reverse triiodothyronine me- 
tabolism. o 
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Suppressor cells in human decidua 
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Decidual suppressor cells have been found in the murine system. These cells are absent at the implantation 
sites of interspecies mouse embryos which become infiltrated by maternal cytotoxic celis. Suppression is 
also deficient at the sites of the spontaneous resorption of fetuses in allomated intraspecies pregnancies. 
This study was carried out to determine whether similar suppressor cells were present in the decidua 
during successful human allopregnancies. Decidua was obtained from gestations of 13 to 15 weeks and 
from term gestations, and the lymphocytes were tested for their ability to suppress the response of 

their peripheral blood lymphocytes to concanavalin A. Eight of eight 13- to 15-week decidual lymphocytes 
proved to be suppressive. At term seven of twelve lymphocyte preparations at a lower concentration of 
cells and six of seven at a higher concentration showed suppression. Suppressor cells appear to be 
present in human decidua and may play a role in preventing maternal immunologic attack on the allogenic 
embryo, thereby preventing spontaneous abortion. (Am J OpsTet GYNECOL 1985;151 :267-70.) 
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The mammalian fetus expresses paternal antigens 
against which the maternal immune system can and 
often does respond, but the fetus is not invariably re- 
jected.’* The fetus may therefore be viewed as a type 


of allograft that survives in an immunologically hostile 


host. This survival has been shown to be determined 
by the properties of the tissue at the interface between 
the fetus and the mother. For example, transplantation 
of one of the intrauterine fetuses of an allopregnant 
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Table I. Typical results 


Peripheral blood lymphocytes 1 x 10° 
Peripheral blood lymphocytes 5 x 10° 
Decidual lymphocytes 1 x 10° ` 
Decidual lymphocytes 5 x 10% 
Peripheral blood lymphocytes + 
decidual lymphocytes 1 x 10° each 


Counts per minute 


70,987 + 5671 


12,111] + 155 
49,202 + 2301 
30,164 + 2987 
44,645 + 3481 


Peripheral blood lymphocytes + . 
decidual lymphocytes 5 x 10° each 


*Standard errors of the mean are shown. 


rat to her thigh muscle resulted in a rejection of the 
tissue by the mother without harm to the remaining 
intrauterine fetuses. Paternal tumors that were grafted 
at a systemic site in allopregnant mice were rejected 
without difficulty. In addition, allogeneic blastocysts 
placed under the kidney capsule in previously immu- 
nized mice were rejected but became implanted and 
developed normally when placed within the hormon- 
ally prepared uterus.” * These data indicate that local 
factors within the uterus play a key role in preventing 
destruction of the conceptus in early pregnancy. 
Allografts placed on hormonally induced decidua or 
on the decidua of pregnant animals become implanted 
and survive for a much longer period of time than 
allografts placed at nonuterine sites.*’? This suggests 
that decidua may enhance the survival of such allografts 
as the fetus. The existence of a localized nonspecific 
(suppressor) mechanism in the decidua to account for 
fetal survival would explain how potent immuno- 
suppression could occur in pregnant individuals with- 
out rendering them unduly susceptible to infections as 
would be predicted if a potent nonspecific suppressor 
mechanism acted systemically. Cells with nonspecific 
suppressor activity have recently been found in murine 
decidua.’ These cells as well as those in the lymph 
nodes draining the pregnant uterus act to impair the 


_ ability of T cells to develop into cytotoxic effectors.’ 


Soluble suppressor activity has also been obtained from 
cultures of murine decidual suppressor cells. Some re- 
cent studies suggest that a scluble suppressor factor is 
also obtainable from human decidua, but the cell of 
origin has not yet been determined. a 

The purpose of this study is to test lymphocytes iso- 
lated from human decidua for nonspecific suppressive 
activity. The result is consistent with the presence of 
local immunologic suppression that may protect the 
early human conceptus from maternal rejection. 


Material and methods 

Preparation of peripheral blood lymphocytes. Fol- 
lowing the signing of informed consent forms, 10 ml 
of venous blood was drawn into heparinized .tubes 


29,505 + 3253 
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Actual/ 





expected (%) % suppression 
24,222 293 ` Nil 
60,328 82 18 
120,339 37 63 


42,275 ' 70 30 


from healthy pregnant women just prior to their op- 
eration. The blood was diluted 1:2 in phosphate-buff- 
ered saline solution. The lymphocytes were separated 
following density centrifugation with Isopaque-Ficoll 
and washed twice with phosphate-buffered saline and 


finally with a-minimal essential medium. This me- 


dium was supplemented with 10% fetal bovine serum, 
HEPES 20 mmol/L, penicillin 100 pg/ml, streptomycin 
100 pg/ml, sodium bicarbonate, and L-glutamine 2.92 
mg/100 ml. Cells were suspended in this medium at a 
concentration of 2 x 10*/ml. . 
Preparation of decidual lymphocytes. Decidua was 
obtained by curettage following dilatation and evacu- 
ation of pregnancies of 13 to 15 weeks’ gestation. In 
patients at term the decidua was removed manually 
with a gauze at elective cesarean sections. The material 
was pressed gently through a 60-mesh stainless steel 
sieve, and the lymphocytes were isolated by density cen- 
trifugation as described above and suspended at a con- 


centration of 1 x 10°/ml. 


Trypan blue staining showed the viability of the lym- 
phocytes from both decidua and penpnciai blood to 
be 95% to 100%. 

Preparation of cultures. Ninety-six—well, round-bot- 
tomed plates (Linbro; Flow Laboratories, Inc., Missis- 
sauga, Ontario) were used for lymphocyte cultures. 
The peripheral blood lymphocytes and decidual lym- 


_ phocytes were added to eight replicate wells as shown 


in Table I. Concanavalin A, at a final concentration of 
10 pg/ml, was used as the mitogenic stimulant. The 
plates were incubated in.a carbon dioxide incubator 
(Forma Scientific) with a humidified atmosphere of 6% 
to 7% carbon dioxide in air at 37° C for 48 hours. *H- 
thymidine (New England Nuclear) in medium with a 
final concentration of 2.5 x 10° pCi/ml was added 16 
to 18 hours before harvest. 

Harvesting and scintillation counting. The cells in 
the cultures were washed onto glass fiber filters (Skat- | 
ron Inc., Sterling, Virginia) by means of a multiple- 
cell culture harvester (Skatron Titertek cell harvester, 
Skatron Inc., Sterling, Virginia). Filter sheets were 
dried at 69° C for an hour. Each filter disk, correspond- 
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ing to one microculture well, was placed into a plas- 
tic scintillation vial; 5 ml of scintillation fluid (4 liters 
of toluene, 300 mg of 1,4-bis[2(5-phenyloxazolyl)]ben- 
zene; phenyloxazolylphenyl-oxazolylphenyl, and 24 
gm of 2,5-diphenyloxazole) was then added to each vial. 
The radioactivity was measured in a liquid scintillation 
counter (Beckman Model No. LS-233) for 1 minute. 


Results 

The degree of *H-thymidine uptake (counts per min- 
ute [CPM] with concanavalin A minus counts per min- 
ute in medium alone) was calculated, and the mean and 
SEM of the eight replications were determined for each 
group. The level of suppressive activity exerted by de- 
cidual cells on peripheral blood lymphocytes (PBL) was 
calculated by means of the following formula: ` 


% suppression = 
Predicted CPM — Actual CPM 


Predicted CPM Ane 


Predicted counts were calculated as the sum of the 
‘respective actual counts, e.g., PBL 10’ preia + PBL 
5 X 10% acuay + PBL 5 X 10% actus: 

In order to carry out these calculations, a simplifying 
assumption is made so that the respective actual counts 
can be added to obtain the predicted counts. This is 
done in order to provide a number that reflects the 
_ effects that are observed. 

Table I shows a representative example of the type 


of results that were obtained. It is clear from this table’ 


that fewer counts were incorporated in co-cultures with 
use of decidual lymphocytes and peripheral blood lym- 
phocytes than when peripheral blood lymphocytes were 
used with peripheral blood lymphocytes. This implies 
that the suppressor activity was localized to decidual 
lymphocytes. Fig. 1, B, demonstrates a dose-response 
effect that further provides more meaning to the 
suppression calculation. 

Fig. 1 shows the level of suppression obtained in a 
series of experiments done at two gestational age pe- 
riods during pregnancy. Also shown are the means and 
one standard deviation of the mean. At the gestation 
time of 13 to 15 weeks (denoted by A) eight of eight 
samples of decidual cells showed suppressive activity. 
With these experiments the cell yield was often poor 
and it was only possible to test 5. x 10* decidua! cells/ 
well in culture. At the term gestational period (denoted 
by B), seven of 12 samples of decidua showed sup- 
pressive.activity by means of a concentration of 5 x 10* 
cells/well. With the higher concentration of 1 x 10° 
cells/well, six of seven samples of decidua showed sup- 
pressive activity. In this latter group, three of seven 
showed enhancement activity by means of the lower 
concentration of cells; however, when the concentra- 
tion was doubled, all three showed suppressive activity. 

Suppressive activity appeared to be lower with the 
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Fig. 1. Suppressive activity of decidual cells. 


term gestation decidua] samples as compared to the 13 . 
to 15 weeks’ gestation samples. 


Comment 
As in the murine system, human decidual lympho- 


_ cytes clearly may exert suppressive activity on maternal ` 


peripheral blood lymphocyte reactivity. The effect 1s 


nonspecific, since it affects mitogenic stimulation. A `- 


differential analysis of the decidual lymphocytes ob- 
tained was not carried out. However, using a velocity 
sedimentation separation technique, we have found 
that the cell responsible for most of the suppression 
seen is a very small lymphocyte (unpublished obser- 
vations). These decidual suppressor cells are found to 
be present in the first trimester and are also seen at 
term. One can therefore surmise that these cells may 
be present throughout normal pregnancies. In the mu- 
rine system, suppressive activity is seen in the decidual 
cells prior to implantation,” and it is possible that such 
activity is also present in human decidua. The imprac- 
ticality of obtaining human material this early in preg- 
nancy makes it difficult to test this theory. It is not 
known whether this generation of.suppressor cell ac- 
tivity in the mouse is triggered by semen or the hor- 
monal changes associated with pregnancy or by a yet 
unidentified factor. Some information suggests that the 
decidual suppressor cell may be of relevance to the 
success of pregnancy. For example, experiments in 
mice have shown the apparent absence of suppressor 
cells in uterine-draining lymph nodes'*™ and recently 
in decidua”? * (also D. A. Clark, unpublished obser- 
vations) in inbred strains of Mus musculus that resorb 
their fetuses. Furthermore, decidual suppressor cells 
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were deficient at the implantation sites of live xeno- 
geneic Mus caroli conceptuses that eventually under- 


went necrosis, resorption, and infiltration by cytotoxic - 


cells in Mus musculus uteri.” Failure of the xenogeneic 
trophoblast that bears xenoantigens™ to recruit local 
suppressor cells could explain the apparent rejection 
of the Mus caroli xenoembryos.'* All these studies em- 


phasize the importance of nonspecific suppressor cells, . 


which are recruited to the decidua and thereby prevent 
a pregnancy from being aborted by a maternal im- 
munologic attack. 

The decidual suppressor cell in the murine system is 
a small lymphocyte with a diameter of 7 um, has a 
sedimentation rate of 3 mm/hr, lacks surface markers 
of T cells, elaborates a soluble factor or factors that 
suppress cytotoxic T lymphocyte generation, and pos- 
sesses cytoplasmic granules.“ Studies to characterize 
this decidual suppressor cell in the human system are 
currently under way. Preliminary data suggest that it 
is also a small lymphocyte with scant cytoplasm in which 
small granules are present. 

Fig. 1 shows a dose-response phenomenon in the 
term decidua samples, i.e., as the cell concentration is 
increased, the level of suppression obtained by the de- 
cidual lymphocytes is increased. This phenomenon was 
seen in six of seven samples tested. This implies that 
there is a certain threshold concentration of decidual 
lymphocytes below which little or no suppressive activ- 
ity can be seen. This is probably the result of saturation 
of helper cells at higher concentrations, which allows 
suppressor cell activity to be detected. 

Fig. 1 also shows an apparent decline in decidual 
lymphocyte suppressor activity as term approaches in 
comparison to the activity in early pregnancy. This ef- 
fect has been described as being present in the murine 
system, in which a peak level of suppressive activity 
occurs just prior to implantation followed by a pro- 
gressive decline toward term." 

The challenge that awaits is to, identify the stimulus 
for suppressor cell recruitment to the decidua. This 
information may then assist in providing treatment for 
women who have habitual abortion and also perhaps 
in the normal infertile couple. It is also a challenge to 
ccrrelate the presence or absence of human decidual 
suppressor cells with the ultimate outcome of the preg- 
nancy. 
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Studies of human fetal adrenal function and its contro] have revolved mainly around the remarkable 
capacity of the unique fetal zone of this gland to elaborate dehydroepiandrosterone sulfate. Another 
important function of the fetal adrenal, however, is its production of cortisol. Because the human fetal adrenal 
is deficient in 38-hydroxysteroid dehydrogenase activity, cortisol has been thought to be formed from 
circulating progesterone. To further investigate this hypothesis, cortisol production by separated fetal and 
definitive zones o7 the midgestation human fetal adrenal in. organ culture has been examined in the 
absence and presence of varying concentrations of progesterone and adrenocorticotropic hormone. Cortisol 
was measured by radioimmunoassay. In the absence of progesterone, cortisol production by both zones 
increased gradually over time in culture in response to adrenocorticotropic hormone. In the presence 

of progesterone, cortisol production by the definitive zone was unchanged. In contrast, the response of the 
fetal zone to progesterone was immediate: cortisol production increased significantly and remained high 
throughout the culture period. These results suggest a greater capacity of the fetal zone to utilize 
progesterone for cortisol production and are consistent with morphologic evidence that the active zone of 
the midgestation human fetal adrenal is the fetal zone, possessing not only the enzyme activity 
necessary for dehydroepiandrosterone sulfate production but, except for 38-hydroxysteroid dehydrogenase, 
that for cortisol production as weil. (Am J Osstet GynecoL 1985;151:271-7.) 


Key words: Fetal adrenal cortex, progesterone, cortisol synthesis 


The human fetal adrenal is 15 to 20 times larger than 
the adult gland, relative to body weight. This increased 
size is due to the presence during fetal life of a dis- 
tinctive fetal zone which constitutes approximately 80% 
of the gland. Much attention has been focused on the 
remarkable capacity of the fetal zone to elaborate large 
quantities of dehydroepiandrosterone sulfate, which 
serves as precursor for placental estrogen production. 
The fetal adrenal, however, also produces cortisol, 
which appears to play an important role in the induc- 
tion and maturation of a number of fetal enzyme sys- 
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tems in the latter stages of gestation and is involved in 
the onset of parturition in at least some animal species. 

Cord serum cortisol levels have been shown in the 
human to rise as pregnancy progresses, especially to- 
ward term.’ Since the human fetal adrenal is deficient 
in 36-hydroxysteroid dehydrogenase isomerase activ- 
ity,’ it has generally been assumed that cortisol is 
formed from the increasing concentrations of circulat- 
ing progesterone throughout gestation. Fetal plasma 
levels of progesterone are, in fact, several times higher 
than maternal levels.® The isolation of “C cortisol from 
the adrenals of previable fetuses perfused with “C 
progesterone’ supports this view, as do the results of a 
number of in vitro studies in which incorporation of 
labeled progesterone into cortisol by fetal adrenal 
minces,’ slices, and explant cultures’ was demon- 
strated. l 

In an earlier attempt to determine whether a corti- 
cotropic factor was produced in vitro by placental tis- 
sue, medium from homologous placental monolayer 
cultures was added to explant cultures of the separated 
fetal and definitive zones of human fetal adrenals. We 
noted repeatedly that this placenta] medium enhanced 


` cortisol production by the fetal but not the definitive 


zone. These results could be mimicked by adding to 
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Fig. 1. Mean fold change in cortisol production (from basal) on days 2 to 7 in culture by fetal and 
definitive zone explants (17% weeks of fetal age) with or without added adrenocorticotropic hormone 
(ACTH) and/or progesterone (?,). Bars represent mean fold change + SE for fetal zone {n = 4) and 
mean for definitive zone (n = 2). Basal cortisol output was the production during the first 24 hours 
in culture prior to addition of either adrenocorticotropic hormone or progesterone. X numerical 
values above each set of bars represent the mean daily production on days 2 to 7 in culture, expressed 
as ng/grid/24 hr, mean + SE. Data were analyzed by factorial two-way analysis of variance: the 
overall effect of adrenocorticotropic hormone on cortisol production by both the fetal and definitive 
zones was significant at p < 0.0001. The overall! effect of progesterone was significant at p < 0.0001 
in the fetal zone but only p < 0.05 on the definitive zone. 


tne adrenal cultures concentrations of progesterone 
equivalent to those produced by the placental cells (300 
ng/ml). The amount of progesterone used in these 
studies, however, although greater than the amount of 
endogenous cortisol produced by the fetal zone, was 
considerably lower than the levels of cortisol produced 
- by the definitive zone. Thus a contribution of the added 
progesterone to cortisol output by the definitive zone 
cultures would not have been readily apparent. 

We have therefore examined cortisol production by 
explant cultures of the separated zones of the midges-- 
tation human fetal adrenal in the presence of 300 and 
3000 ng/ml of progesterone and have compared the 
relative capacity of the two zones to utilize this precur- 
sor to form cortisol. 


Material and methods 


Ham’s F-10 powdered culture medium and heat-in- 
activated fetal bovine serum were obtained from Grand 
Island Biological Company (Burlington, Ontario, Can- 
ada), amphotericin B (Fungizone) from Squibb Can- 
ada, Inc. (Montreal, Quebec, Canada), penicillin G 
(Crystapen) from Glaxo Laboratories (Montreal, Que- 
bec, Canada), gentamicin (Garamycin) from Schering 
(Pointe Claire, Quebec, Canada), and adrenocortico- 
tropic hormone (Duracton, a long-acting preparation 
of porcine adrenocorticotropic hormone containing 
carboxymethyl cellulose) from Nordic Laboratories 
Inc. (Laval, Quebec, Canada). Quartered plastic culture 
dishes were purchased from. Falcon Plastics (Los An- 
geles, California) and 1.5 cm? culture grids were cut 
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from stainless steel mesh (40 mesh) obtained from 
Johnson Wires Division, JWI Ltd. (Montreal, Quebec, 
Canada). Tritium-labeled steroids were purchased 
from New England Nuclear Canada Ltd. (Lachine, 
Quebec, Canada) and unlabeled steroids from Stera- 
loids, Inc. (Wilton, New Hampshire). Antisera to cor- 
tisol ‘and .dehydroepiandrosterone sulfate were ob- 
tained from Endocrine Sciences (Tarzana, California). 

Adrenal cultures. Fetal adrenals were obtained at the 
time of therapeutic abortion by vacuum extraction or 
curettage at gestational ages ranging from 11 to 18 
weeks. Ethics approval for the use of human material 
was obtained from the Ethics Committee of the Mon- 
` treal Children’s Hospital and the Ethics, Research, and 
Professional Services Committees of Hôpital Notre 
Dame. 

The methodology for separating the adrenal zones 
and for establishing the adrenal cultures has been de- 
scribed previously.’ Briefly, adrenals were dissected 
clean of adhering tissue and the capsule carefully 
stripped from the central core of the gland. Histologic 
examination has revealed that following this procedure 
most of the definitive zone tissue remains attached to 
the connective tissue capsule and that this tissue is vir- 
tually free of fetal zone cells. The fetal zone tissue, on 
the other hand, does retain some (<5%) definitive zone 
cells.” Each zone was then finely minced with scissors 
and the resulting pieces of tissue placed on curved 
stainless steel grids in quartered Petri dishes containing 
2 ml of culture medium (Ham’s F-10 supplemented 


with 10% fetal bovine serum and antibiotics: 5 g/ml ` 


of amphotericin B, 200 IU/ml of penicillin G and 40 
ug/ml of gentamicin). Eight explants (equivalent to 
about 3 mg of the smaller adrenals and ranging to about 
7 mg of the larger glands) of fetal zone tissue and six 
explants (3 mg of the smaller glands up to 5 mg of the 
larger glands} of definitive zone tissue were placed on 
each grid. Because each adrenal yielded much less de- 
finitive zone, fewer grids of this tissue could be set up 
in each experiment. | 
The cultures were kept at 37° C in a humidified at- 
mosphere of 5% carbon dioxide in air. The medium 
was changed daily. Progesterone and adrenocortico- 
tropic hormone were added only after the first 24-hour 
collection. Thus the cortisol measured in the day 1 me- 
dium represents the basal, unstimulated cortisol output 
by each grid of tissue. Progesterone dissolved in ethanol 
was added to sterile medium bottles, the ethanol was 
evaporated under nitrogen, and the steroid redissolved 
in an appropriate volume of culture medium. Solubility 
of the progesterone in the culture medium was verified 
with the use of labeled progesterone and by radioim- 
munoassay of progesterone in the medium; complete 
solution of even the higher concentration was easily 
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achieved, caused presumably by binding to fetal bovine 
serum proteins. Adrenocorticotropic hormone was di- 
luted in sterile saline solution and 10 pl were added 
daily to each petri quadrant where indicated. The final 
concentrations of 5, 10, and 100 ng/ml of medium (0.5, 
1, and 10 IU/ml) were based on previous observations 
of those doses that provided maintenance and maximal 
steroidogenic responses in the adrenal explant culture 
system. 

Steroid determinations. Media collected every 24 
hours during the culture period were kept frozen until 
processed for determination of cortisol and dehydro- 
epiandrosterone sulfate. Dehydroepiandrosterone sul- 
fate was assayed by radioimmunoassay directly on the 
culture media without prior extraction or chromatog- 
raphy. Antiserum to dehydroepiandrosterone sulfate , 
(Endocrine Sciences) was raised in rabbits against de- 
hydroepiandrosterone sulfate 17-oxime-BSA; its cross- l 
reactivity was <0.01% with dehydroepiandroste- 
rone and 17a-hydroxyprogesterone, 0.03% with an- 
drostenedione and androsterone and 0.13% with an- 
drosterone sulfate. Similar dehydroepiandrosterone 
sulfate values were obtained with and without extrac- 
tion and chromatography. 

In earlier experiments (represented in Fig. 2) cortisol 
was measured by radioimmunoassay following protein 
precipitation, methylene chloride extraction, and paper 
chromatography as described previously.’ In later ex- 
periments (represented in Fig. 1) cortisol was deter- 
mined directly on the culture media without prior 
extraction or chromatography. Antiserum to cortisol 
(Endocrine Sciences) was raised in rabbits with the use 
of a cortisol-3-oxime-BSA conjugate. The cross-reac- ° 
tivity of this cortisol antiserum was 0.015% with. corti- 
costerone, 3.3% with 11-deoxycortisol, 7.5% with 21- 
deoxycortisol, <0.01% with progesterone, 0.23% with - 
17a-hydroxyprogesterone, and <0.01% with 20a- and 
208-dihydroprogesterone. Unchromatographed corti- 
sol values were 15% to 20% higher than chromato- 
graphed values. Results are expressed as mean fold 
change tn cortisol production over basal (no adreno- 
corticotropic hormone, no progesterone, day 1) pro- 
duction, on days 2 to 7 (Fig. 1) or 2 to 6 (Fig. 2) in 
culture, +SE where n=4 grids; the numbers above 
the bars represent the mean daily cortisol production 
in nanograms per grid per 24 hours +SE, from day 2 
to the end of the culture period. Steroid production 
has not been expressed per weight of tissue for two 
reasons: first, with the larger explants of fetal zone 
tissue, we feel that it is difficult to assess what propor- 
tion of the explant has contributed to the amount of 
hormone released into the medium; second, because a 
large proportion of the definitive zone explants consists 
of capsular tissue, weight would not necessarily rep- 
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Fig. 2. Mean fold change in cortisol praduction (from basal) on days 2 to 6 in culture by fetal and 
definitive zone explants (15% weeks fetal age) in response to adrenocorticotropic hormone (ACTH) 
and different concentrations of progesterone (P4). Bars represent mean fold change + SE where 
n = 4. Basal cortisol Output was the production of each grid during the first 24 hours in culture, 
prior to addition of either adrenocorticotropic hormone or progesterone. X numerical values above 
each set of bars represent the mean daily production on days 2 to 6 in culture, expressed in ng/grid/ 
24 hr, mean + SE. Data were analyzed by factorial two-way analvsis of variance: the overall effect 
of adrenocorticotropic hormone on cortisol production was significant at p < 0.001 in the fetal zone 
and. p < 0.03 in the definitive zone. The overall effect of progesterone was significant at p < 0.0001 
in the fetal zone and was not significant in the definitive zone. 


resent the actual amount of definitive zone tissue in 

each explant. | | | 
Data were a by factorial two-way analysis of 

variance. 


Results 


The results of two of a series of 10 experiments are 
presented in Figs. 1 and 2. These experiments were 
chosen because they represent the range of cortisol 
production (Fig. 1, high; Fig. 2, low) as well as the 
response to two doses of progesterone. These results 
show the effect of 300 and 3000 ng of progesterone 
„and/or 5, 10, and 100 ng of adrenocorticotropic hor- 
mone ‘per milliliter of culture medium on cortisol pro- 
duction by fetal and definitive zone explants over sev- 
eral days in culture. As we have reported previously,*” 
cartisol output by the definitive zone was greater than 


that by the fetal zone, while dehydroepiandrosterone 
sulfate output by the fetal zone was greater than that 
by the definitive zone. In both of these experiments, 
the basal dehydroepiandrosterone sulfate/cortisol ratio 
on day 1 was 10 or less in the definitive zone media 
and 700 or more in the fetal zone media (data not 
shown). 

In the absence of adrenocorticotropic hormone (Fig. 
1, upper panel), and without added progesterone, cor- 
tisol production falls to very low (definitive zone) or 
undetectable (fetal zone) levels by the third day in cul- 
ture. Upor addition of 300 and 3000 ng/ml proges- 
terone.in the absence of adrenocorticotropic hormone 
(Fig. 1, upper panel), there was an immediate (day 2) 
dose-response-related increase in cortisol output by the 
fetal zone explants; however, this response was not 
maintained over the culture period under these con- 
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ditions, i.e., when adrenocorticotropic hormone was 
not present in the culture medium. The definitive zone 
cortisol output increased somewhat when progesterone 
was present, but the response was never as pronounced 
as that of the fetal zone and, again, was not maintained 
over the culture period. This difference in response is 
even more striking when one notes the expanded scale 
- of the fold change by the fetal zone. 

In the presence of adrenocorticotropic hormone, but 
in the absence of progesterone (Fig. 1, middle and lower 
panels, and Fig. 2), the output of cortisol by both the 
fetal and definitive zone cultures increased ina stepwise 
fashion, reaching a maximum on day 4 or 5. It may be 
seen in both Figs. 1 and 2 that the fetal zone response 
to adrenocorticotropic hormone was dose dependent. 
Limited availability of tissue precluded testing the dose 
response to adrenocorticotropic hormone by definitive 
zone explanis in these studies, but increased cortisol 
output in response to increasing doses of adrenocor- 
ticotropic harmone by both zones has been observed 
in a number of previous studies.® '° 

Cortisol output in response to 300 and 3000 ng/ml 
of progesterone by fetal zone tissue was similar whether 
in the preser.ce or absence of adrenocorticotropic hor- 
mone, i.e., there was an immediate (day 2) maximal 
increase. In the presence of adrenocorticotropic hor- 
mone, however, this response was maintained through- 
out the culture period. Furthermore, the increase in 
cortisol output was directly proportional to the amount 
of progesterone added, and this dose-related response 
to progesterone was not affected by increased concen- 
trations of adrenocorticotropic hormone. 

On the other hand, the pattern of cortisol output 
by adrenocorticotropic hormone-stimulated definitive 
zone cultures was similar in the presence or absence of 
added progesterone, 1.e., there was a stepwise increase 
to a maximum on day 4 or 5 and there was no dose 
response .to progesterone. It should be pointed out, 
however, that the mean daily cortisol output (1043 ng/ 
grid/24 hr) by adrenocorticotropic hormone—stimu- 
lated definitive zone in the absence of progesterone was 
higher than tne 300 ng/ml (600 ng/grid) progesterone 
concentration added to the cultures. Thus a notable 
response to the added progesterone would only be ob- 
vious at the 3000 ng/ml (6000 ng/grid) concentration. 

- Basal (day 1, unstimulated) dehydroepiandrosterone 
sulfate production was 1335 and 195 ng/grid/24 hr by 
the definitive zone cultures and 7900 and 5685 ng/grid/ 
24 hr by the fetal zone in experiments 1 and 2; re- 
spectively. Dehydroepiandrosterone sulfate production 
by both zones decreased with time in culture when ad- 
renocorticotropic hormone was not added to the cul- 
tures. In the presence of adrenocorticotropic hormone, 


dehydroepiandrosterone sulfate production by the fe- 
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tal zone explants was maintained and that of the de- 
finitive zone stimulated as previously reported.” Pro- 
gesterone had no effect on dehydroepiandrosterone 
sulfate output by either zone (data not shown). 


Comment 


These findings are further indication of a distinct 
functional zonation of the human fetal adrenal, in this 
case with respect to cortisol production. It has been 
well documented that the fetal zone is deficient in 3ß- 
HSD activity and as a result produces large amounts of 
A5 steroids, particularly dehydroepiandrosterone sul- 
fate. The present series of studies, of which the results 
in Figs. 1 and 2 are representative, indicate apparent 
differences in the ability of the fetal and definitive zones 
to use progesterone as a substrate for cortisol produc- 
tion. The fetal zone readily used progesterone to form 
large amounts of cortisol, seemingly independently of 
adrenocorticotropic hormone, at least early in the cul- 
ture period. On the other hand, the pattern of cortisol 
production by the adrenocorticotropic hormone-stim- 
ulated definitive zone was similar whether or not pro- 
gesterone was present. Response to adrenocortico- 
tropic hormone was slow, in that maximal cortisol 
output was achieved only after several days’ exposure 
to adrenocorticotropic hormone. 

We have previously reported that fetal adrenal ex- 
plants fail to maintain the integrity of their cellular 
structure when cultured in the absence of adrenocor- 
ticotropic hormone and that there is a correlation be- 
tween steroidogenesis and morphologic integrity.* ° In 
the present study, decreasing viability of the cultures 
in the absence of adrenocorticotropic hormone un- 
doubtedly accounts for the fall-off in steroid output by 
both zones with time in culture, even in the presence 
of progesterone. 

A stimulatory effect of progesterone on cortisol pro- 
duction has been described by Fujieda et al."? in mono- 
layer cultures and by Voutilainen et al.'* in explant cul- 
tures of whole fetal adrenals. Fujieda et al." also noted 
that even high concentrations of progesterone had no 
effect on dehydroepiandrosterone sulfate production. 
Voutilainen and Kahri,"* however, reported that co-cul- 
turing fetal adrenal and placental explants resulted in 
a suppression of adrenal cortisol production. We have 
noted (unpublished observations) that placental ex- 
plant cultures produced very low levels of progesterone 
as compared to placental monolayer cultures, a finding 
which could at least partly explain the difference be- 
tween these authors’ results and ours. 

In order to assess the effect of culture conditions on 
cortisol output, we have recently used short-term (4- 
hour) incubations of fresh fetal adrenal minces in 
Ham’s F-10 medium without fetal bovine serum. Once. 
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again the fetal zone tissue displayed a much greater 
capacity to use progesterone to form cortisol than did 


the definitive zone, thus confirming the results of the © 
`. culture studies (unpublished observations). 


The present findings are in agreement with mor- 
phologic observations that at midgestation, the fetal 
zone is an active steroid-producing tissue whereas the 
definitive zone is a relatively undifferentiated tissue.” 
‘The ready use of progesterone by the fetal zone to form 


Ea cortisol indicates the presence of abundant 17a-, 21-, 


and 11B$-hydroxylase activity in this tissue and suggests 
that the activity of these enzymes is not greatly in- 
fluenced by adrenocorticotropic hormone. It has also 
_ been demonstrated that the fetal zone is adequately 
equipped to produce large amounts of dehydroepian- 
drosterone sulfate from cholesterol derived either from 
lipoprotein cholesterol or formed de novo by the tis- 
ue."' Thus the fetal zone would appear to be deficient 
mainly in 3B8-hydroxysteroid dehydrogenase activity, 
this enzyme either being absent or present in an inhib- 
ited state. 
The pattern of cortisol synthesis by the definitive 
zone. suggests that exposure to adrenocorticotropic 
' hormone over several days in culture results in an ac- 
tivation of the enzyme systems involved in making cho- 
- lesterol available for cortisol synthesis, an observation 
reported by others as well. However, activation of 
_ other enzymes such as 38-hydroxysteroid dehydroge- 
nase may also be involved." The pattern of dehydro- 
épiandrosterone sulfate production by definitive zone 
cultures may be analogous to that of cortisol. We have 
noted repeatedly that both dehydroepiandrosterone 
sulfate and cortisol output increase with time in culture 
in response to adrenocorticotropic hormone.*? In con- 
_trast, dehydroepiandrosterone sulfate production by 
-fetal zone tissue is maintained at a relatively constant 
rate under the same conditions. It would appear that, 
whereas the definitive zone cells develop from an in- 
active to an active state in response to adrenocortico- 
tropic hormone in culture, the fetal-zone cells are highly 


active from the outset, at least with respect to C, steroid, 


synthesis. 
The similar pattern of cortisol production by both 


| zonës in response to adrenocorticotropic hormone, in 


the absence of progesterone, is more difficult to ex- 
plain. The much lower production rate by the fetal zone 
suggests that this could be due to the contaminating 
definitive zone cells that remain attached to the fetal 
zone following the separation technique.’ It could also 
be that 38-hydroxysteroid dehydrogenase and/or other 
enzymes are induced in both zones by adrenocortico- 
tropic hormone with time. 


Murphy” has reported high concentrations of pro- 
. _ gesterone in both fetal blood and fetal adrenal tissue 


_ at midgestation (150 ng/ml in cord arterial, 350 ng/ml 
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in cord venous blood, and 500 ng/gm of adrenal tissue). 
In a later study Murphy found that when the adrenals 
were fast frozen in liquid nitrogen to prevent rapid 
metabolism, the progesterone concentration in the tis- 
sue was, in fact, several times higher (personal com- 
munication). In view of the present observations, it 


is tempting to speculate that the fetal zone might 


have some mechanism for concentrating progesterone 
within the cell, making it available for cortisol pro- 
duction. 

Although the present studies were carried out using 
midterm fetal adrenals, the results suggest that fetal 
zone tissue is equipped to supply, from progesterone, 
the increased amounts of cortisol required by maturing 
fetal tissues toward the end of gestation. It is of interest 
to note that fetal blood. levels of progesterone at term 
are two to two and a half times higher than at mid- 
term,'*'’ a difference similar to that seen in fetal plasma 
cortisol levels at 36 weeks as compared to 15 to 18 
weeks.’ l m 
It should also be pointed out that although the mid- 
term fetal adrenal does produce cortisol, it is rapidly 
metabolized to cortisone by: llB-hydroxysteroid dehy- 
drogenase present in virtually all midgestation fetal tis- 
sues, and that these tissues are unable tọ reactivate 


- cortisone.’ Toward term the fetal tissues no longer 


inactivate cortisol to cortisone, but their capacity for 
activating cortisone does not develop until after birth.’'® 
Since 80% af maternal cortisol is inactivated by placen- 
tal 118-hydroxysteroid dehydrogenase during transpla- 
cental passage even at term,’ '® the late gestation fetus 
must be self-sufficient with regard to its cortisol supply. 
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Effect of naloxone on menopausal flushes, skin temperature, 
and luteinizing hormone secretion 
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Montreal, Quebec, Canada 


The effect of naloxone (1.4 mg/hr for 3 hours) on subjectively experienced menopausal flushes, skin 
temperature, and luteinizing hormone secretion was investigated in seven women in a double-blind, 
saline-controlled, crossover study. Naloxone had no effect on the number of subjective flushes, episodic 
skin temperature elevation, luteinizing hormone pulses, variability of luteinizing hormone secretion, or 
total luteinizing hormone secretion. This study suggests that a naloxone-sensitive opioid mechanism is 
not active in modulating luteinizing hormone secretion in the postmenopausal woman and that opioid 
receptor blockade is not effective in altering the frequency of menopausal flushes. (Am J OBSTET GYNECOL 


1985;151:277-80.} 


Key words: Naloxone, menopausal flushes 


The etiolagy of menopausal flushes is unclear. Var- 
ious investigators -have noted a temporal relationship 
between subjectively experienced menopausal flushes, 
episodic skin temperature elevations, and pulsatile lu- 
teinizing hormone (LH) secretion." * The role of 
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opioids in the pathophysiology of menopausal flushes 
has been suggested by several investigators.** The pres- 
ent study was undertaken to investigate the effect of 
an infusion of naloxone on subjectively experienced 
flushes, episodic cutaneous temperature elevations, and 
pulsatile LH secretion. 


Material and methods 


Seven postmenopausal women aged 48 to 53 years 
who complained of frequent distressing flushes and 
who gave their informed consent served as subjects. 
They were in good physical health and had received 
no medication for at least 4 weeks before the study. 

Each subject received naloxone hydrochloride (Nar- 
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Fig. 1. Changes in skin temperature in a postmenopausal pa- 
tient after saline solution (A) and naloxone infusion (B). The 
onset of hot flushes is indicated by arrows. Note that naloxone 


had no effect on the number of hot flushes or on the episodic 


skin temperature elevation. 


can. Endo Labs., Inc.) infusion or physiologic saline 
solution as placebo. This was done in random order 
and in double-blind fashion. Both tests were conducted 
under identical environmental conditions and the am- 
bient temperature did not exceed 22° C. 

At time zero an intravenous infusion of naloxone (1.4 
mg' hr) or physiologic saline solution alone was started. 
Samples of blood were drawn at 15-minute intervals 
over a 3-hour period, commencing at time zero for LH 
determination. Skin temperature was recorded contin- 
uously over the dorsum of the proximal phalanx of the 
third finger of the nondominant hand with a YSI 
(Yelow Springs Instruments, Yellow Springs, Ohio) 
banjo surface thermistor (T2625) and telethermometer 
(T2450) which was connected to a YSI model recorder 
as previously described.’ * Patients were asked to re- 
port on the onset and intensity of each flush. The sub- 
jective intensity was rated on a three-point scale, 
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namely, mild, moderate, or severe. The numbers of 
cutaneous temperature peaks (elevation >1° C above 
baseline were counted according to the criteria of Mel- 
drum et al. and blinded as to treatment code. 

Blood samples were centrifuged and the plasma 
stored at —20° C until assayed for LH by a standard 
radioimmunoassay. Samples from each subject from 
the two test sessions were assayed together to avoid 
interassay variability. LH peaks were identified using 
the criteria of Santen and Bardin” Variability in LH 
secretion was assessed by calculating the coefficient of 
variation over the 3-hour sampling period. LH secre- 
tion was calculated by integrating the area under the 
curve when the LH concentration was plotted against 
time. 

Data were analyzed by the paired t test and the Pear- 
son product moment correlation coefficient. 


Results 


In the seven postmenopausal women, 47 menopausal 
flushes and 68 temperature peaks during saline solu- 
tion infusion and 40 menopausal flushes and 69 tem- 
perature peaks during naloxone infusion were re- 
corded (Fig. 1). 

Neither treatment was associated with side effects. 
There was no significant difference between the num- 
ber of menopausal flushes during saline solution and 
naloxone infusion (Table I). 

During naloxone infusion compared with saline so- 
lution infusion, there was no significant difference in 
the numberof temperature peaks, number of LH 
pulses, variability in LH secretion, or total LH secretion 
(Table II). 

There was no significant correlation between number 
of subjective flushes and number of temperature peaks 
during saline solution (r = 0.72, df = 5) but these vari- 
ables were significantly correlated during naloxone 
(r = 0.82, df = 5, p< 0.05). When data for the two 
treatments were combined there was a significant cor- 
relation between number of temperature peaks and 
number of subjective flushes (r = 0.77, df = 12, 
p < 0.01). In some of the subjects there was a striking 
similarity in the number of flushes and cutaneous tem- 
perature peaks. Thus one subject experienced 12 
flushes and 13 temperature peaks after saline solution 
and 16 flushes and 18 temperature peaks after nal- 
oxone. 

There was no significant correlation between the 
number of subjective flushes and the LH pulses during 
saline solution (r = 0.02, df = 5) or naloxone (r = 
0.43, df = 5) or on examination of the combined data 
for the two treatments (r = 0.24, df = 5). There was 
also no significant correlation between the number of 
temperature peaks and the number of LH pulses dur- 
ing saline solution (r = —0.27, df = 5) or naloxone“ 
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Table I. The number and intensity of subjective flushes during saline solution and naloxone infusion 


Menopausal flushes 
Saline 2.71 + 0.99 3l 40 1.00 + 0.44 6.9 + 1.2 
Naloxone 1.86 + 0.55 2.8 19 1.14 + 0.51 59+ 1.8 
p NS NS NS 





Table II. Effect of naloxone on skin temperature and LH secretion 





LH secretion} 
temperature Ne. of LH 
Treatment peaks* pulses* 
Saline 97+0.8  271+029 19.7 + 3.8 
Naloxone 9.9 + 1.8 3.0 + 0.38 20.2 + 2.4 
p NS NS NS 


Data are presented as the mean + SEM (n = 7). 
*Number during the 3-hour period. 
{Variation in LH during the 3-hour period. 


(r = 0.28, df = 5) or on examination for the two treat- 
ments (r = 0.14, df = 12), 


Comment 


Several investigators have pointed to a temporal re- 
lationship between menopausal flushing, cutaneous 
temperature elevation, and pulsatile LH secretion.*? In 
the present study the number of subjectively experi- 
enced flushes was significantly correlated with the num- 
ber of cutaneous temperature elevations but not with 
the number of LH pulses. Although the close temporal 
relationship between the onset of flushes and the oc- 
currence of pulsatile LH release suggests that they may 
share a common inciting mechanism within the hypo- 
thalamus, a dissociation of these events may occur in 
other conditions.’ 

Lightman et al.,* using a naloxone infusion (1.32 mg/ 
hr during four 90-minute periods) and a saline solution 
placebo in six women, found a significant decrease in 
subjective flushes with naloxone; skin temperature was 
not monitored. In contrast, in the present study, nal- 
oxone (1.4 mg/hr during 3 hours) had no effect on the 
number of subjective flushes or on the number of cu- 
taneous temperature peaks. The reason for this dif- 
ference is unclear. In both studies the number of flushes 
experienced during exposure to saline solution infu- 
sion was similar. The failure of naloxone to affect skin 
temperature is in keeping with the findings of Cohen 
and Coffman? that intravenous naloxone has no effect 
on peripheral vascular flow. 

Opiate peptides inhibit LH release in premenopausal 
women.” The opiate antagonist naloxone increases both 
the frequency and the amplitude of LH pulses in the 
luteal phase but fails to stimulate LH release in the early 
proliferative phase or following bilateral oophorec- 


LH secretion (ug «min .ml-") 


(coefficient of 


11.74 + 1.27 


12.56 + 1.57 11.83 + 1.47 36.12 + 4.04 
11.31 + 1.62 12.05 + 1.07 11.25 + 1.17 34.61 + 3.60 
NS NS NS NS 


tomy.'® | These latter findings suggest that naloxone 
effects on LH secretion are estrogen dependent. This 
would explain the failure of naloxone to affect LH 
secretion in our postmenopausal women in whom 
plasma estrogen levels are known to be low. A similar 
lack of effect of naloxone on LH secretion in post- 
menopausal women has recently been reported by Reid 
et al’? 

The lack of effect of naloxone, an opioid receptor 
blocker, is due to the extremely low endogenous opioid 
tone in postmenopausal women. However, in contrast 
to these findings, Lightman et al.* noted a decrease in 
number of LH pulses after naloxone. 

The results of the present study confirm the findings 
of dé Fazio et al.’* that naloxone has no effect on the 
occurrence of hot flushes, episodic skin temperature 
elevations, and LH secretion. 

In conclusion, our findings suggest that a naloxone- 
sensitive opioid mechanism is not active in modulating 
LH secretion in the postmenopausal woman and that 
opioid receptor blockade is not effective in altering the 
frequency of menopausal flushes. 


We wish to express our appreciation to Nadia Zajac 


‘for her technical assistance. 
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The variability of fetal breathing movements in normal 


human fetuses at term 


' J Andrews, M.D., J. Shime, M.D., D. Gare, M.D., J. Salgado, M.D., and G. di R.N. 


Toronto, Ontario, Canada 


With the use of a B-scan phase-locked tracking system, 108 observations of fetal breathing were performed 
. on 97 normal antenatal patients at term. One hundred thirty-three recorded segments of fetal breathing 
movements were obtained. Breath-to-breath variability was analyzed in 79 segments and expressed 

_as a coefficient of variability. The mean coefficient of variability was 28.6% + 13.2%, and a histogram plot 
revealed a normal distribution. All fetuses had normal antepartum testing and all Apgar scores and 
neonatal courses were normal. The potential application of human fetal breathing variability as a test for 


fetal health is discussed. (AM J OBSTET GYNECOL 1985;151:280-2.) 


Key words: Phase-locked tracking, breath-to-breath variability, fetal health 


Various clinical studies have correlated fetal outcome 
with the presence or absence of breathing and the per- 
centage of time spent breathing.'* In the fetal lamb 
- hypoxia is known to.be associated with prolonged ap- 
nea.* However, because fetal breathing movements are 
normally intermittent, their absence might not denote 
fetal compromise. Conversely, the mere presence of 
fetal breathing movements might not guarantee fetal 
well-being and observations on sheep have shown that 
the pattern of breathing, whenever present, is of im- 
portance as a diagnostic index of fetal health There- 
fore, in humans specific features of fetal breathing such 
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as depth, variability, slope, and frequency might help 


distinguish healthy from sick fetuses. Quantification of 


these features has been facilitated by both continu- 
ous Doppler ultrasound and pulse-echo tracking sys- 
tems.* ’ With the latter system used to record fetal 
breathing movements, this study presents our obser- 
vations of fetal breathing variability (breath-to-breath 
variability) in normal human fetuses at term. 


Material and methods 


Consent to study fetal breathing movements was ob- 
tained from 97 normal antenatal patients at the To- 
ronto General Hospital between May, 1980, and April, 
1982. All pregnancies were uncomplicated and all ob- 
servations were obtained between 38 and 42 completed 
weeks of gestation. Recordings were made during a 30- 
minute period between 8:00 AM and 6:00 pM, in a quiet, 
darkened room with the patient in a semilateral posi- 
tion. One hundred eight such recordings were obtained 
in the 97 patients. 
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Fig. 1. Chart recording of fetal breathing movements. Paper speed = 5 mm/sec. Vertical sensitivity 


of 8 mm = 4 mm of fetal movement. 


Fetal breathing movements were observed by means 
of a 3.5 MHz, 64-element, linear crystal array trans- 
ducer. The instrument used features a resolution mea- 
sured in micrometers compared to the millimeter res- 
olution of conventional B-scan imaging systems, the 
capability te record any portion of the echo complex 
for tracking purposes, and the ability to withstand vari- 
ations in echo amplitudes without producing artifactual 
recording.® Two intensified dots on the display format 
correspond to tracker channels and can be positioned 
on the screen to coincide with the desired image struc- 
ture. To obtain differential motion information, one is 
required to look at the dynamic variation of the dif- 
ference between the two dot positions. The analogue 
output of each set of tracking channels is recorded on 
a chart recorder and accurately reflects patterns of ac- 
tivity seen on the video monitor (Fig. 1).’ 

Fetal breathing movements were first identified when 
the longitudinal scan of the fetus revealed rhythmic 
chest and abdominal wall movements occurring at in- 
tervals of <6 seconds.’ The intensified dots were then 
positioned on selected anterior and posterior abdom- 
inal wall echoes at a level where the dots moved max- 
imally away from each other creating a well-defined 
deflection of the needle on the chart recorder. Because 
the deflection peak (height of inspiration) was usually 
a brief, clearly defined phase of the respiratory cycle, 
peak-to-peak intervals were measured in the calculation 
of rate, mean breath-to-breath. interval, variance, and 
coefficient of variability (coefficient of variability = SD 
of breath-to-breath interval/mean of breath-to-breath 
interval x 100%). 

_ In each instance a 20-minute nonstress test was per- 


formed immediately prior to the 30-minute ultrasound . 


examination. As well, the two largest pockets of am- 
niotic fluid in a vertical axis from the uterine wall to 


the fetal trunk were recorded. Amniotic fluid volumes 
were considered normal when fluid was seen through- 
out the entire uterine cavity and at least two pockets of 
>2 cm each were observed.” 

In each instance the newborn Apgar scores were re- 
corded and the neonatal course in the hospital was 
documented. 


Results 


All fetuses had reactive nonstress tests. At each re- 
cording at least two pockets of amniotic fluid >2 cm 
were observed. Each newborn infant had an Apgar 
score of >7 at 5 minutes and a normal neonatal hospital 
course. 

One hundred thirty-three recorded segments of fetal 
breathing movements were obtained. A segment ter- 
minated either with a bout of apnea or when the in- 
tensified dot was displaced from the selected image by 
fetal stretching or gross body movement or when the 
transducer position was changed. _ 

Ina preliminary study of 95 segments of fetal breath- 
ing movements ranging from 11 to 185 breaths 
(mean = 37) we found that there was a significantly 
greater proportion of coefficients of variability below 
the mean (28.3) when the number of breaths in a given 
segment was <20 than for all other segment lengths. 
To ensure that the data would not be skewed, a mini- 
mum for the number of breaths per segment was set 
at 20. Seventy-five of the initial 95 segments in this 
preliminary study contained 20 or more breaths 
(mean = 43). The mean coefficient of variability was 
30.23 in the 75 segments and a regression analysis of 
the number of breaths versus the coefficient of vari- 
ability yielded r = 0.09. 

Of the 133 tracings obtained in this study 79 had 
220 breaths and were used for calculation of coefficient 
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Fig. 2. Distribution of 79 measurements of coefficient of vari- 
ability (CV) over epochs of 12%. 


of variability. The mean rate of breathing was 56 + 11 
per minute and the mean coefficient of variability was 
28.6% + 13.2%. The distribution of coefficient of vari- 
ability values is illustrated in Fig. 2. 


Comment . 


Maloney et al. described the following effects of 
hypoxia on the pattern of fetal breathing movements: 
slowing of the rate and alteration of variability to either 
a regular pattern or an irregular gasping pattern. In 
fetal heart rate studies, beat-to-beat variability is known 
to indicate an intact neural pathway and adequate ce- 
rebral oxygenation. Loss of this variability reflects a 
compromised ‘fetus. In our study of normal human 
fetuses at term combined, direct, on-line graphic re- 
cordings of fetal breathing movements and the analysis 
of breath-to-breath variability confirmed that variability 
does occur and the normal distribution of the values 
reflects a biologic phenomenon. It is possible that the 
diminished variability or irregular gasping pattern de- 
scribed by Maloney et al. occurs for a very brief period 
preceding prolonged apnea, in which case their detec- 
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tion during random analysis of fetal breathing move- 
ments in antenatal patients would be unlikely. Alter- 
natively, they may be preterminal events following a 
period of prolonged apnea. We have observed slow, 
irregular gasping patterns in a fetus following intra- 
amniotic hypertonic saline injection and in another 
fetus at term one half hour prior to an unexplained 
stillbirth. If these patterns are indeed brief and pre- 
terminal then they would rarely be seen in routine ante- 
natal fetal surveillance. | 
Therefore, while the capability of determining 
breath-to-breath variability exists, the usefulness of this 
measurement as a test of fetal health would be contin- 
gent on a study of sick fetuses showing a shift in the 


distribution curve of coefficient of variability values 


plus a time-related margin of safety which might allow 
appropriate therapy. 
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The distribution of accelerations of the human fetal heart rate 
at 38 to 40 weeks’ gestational age 


John Patrick, M.D., Lesley Carmichael, B.Sc., Laurie Chess, Carol Probert, B.Sc., and 


Cathy Staples 
London, Ontario, Canada 


in order to further understand the use of antepartum fetal heart rate monitoring we measured the distribution, 
in time, of two, three, or five fetal heart rate accelerations of = 15 bpm for =15 seconds and of =10 bpm for 
26 seconds in 12 healthy pregnant women at 38 to 40 weeks’ gestation. The length of time necessary to 
measure 50% or 95% of intervals containing five accelerations would be substantially reduced by 
changing to a definition of two or three accelerations. However, an observation interval of at least 80 
minutes is required to include the longest time interval of two, three, or five accelerations. These data may 
suggest new strategies for decreasing time and expense of fetal heart rate testing. (AM J OBSTET GYNECOL 


1985;151:283-7,) 


Key words: Nonstress test, distribution of fetal heart rate accelerations 


The nonstress test (NST) is an important clinical test 
of fetal health during human pregnancy. The test has 
been criticized because of low positive predictive values 
for fetal distress,’ but most investigators'* have agreed 
that a reactive NST has a high negative predictive value 
for fetal health at the time of the test. 

It has been demonstrated, during the last third of 
pregnancy, zhat the human fetus makes body move- 
ments about 10% of the time in episodes that resemble 
rest-activity patterns observed during sleep in newborn 
infants.” Further, it has been reported that healthy fe- 
tuses may not move for periods of 50 to 75 minutes 
and clinicians will need to account for these periods of 
inactivity in strategies used for nonstress testing. Fi- 
nally, it was reported that the incidence of false positive 
tests was reduced by either increasing the length of 
continuous observation**’ or by reducing the number 
of fetal heart rate accelerations with fetal movements 
required to define fetal reactivity during observation 
intervals. The purpose of this study was to examine 
the biologic patterns of fetal heart rate accelerations 
during normal pregnancies near term and to analyze 
the distribution of fetal heart rate accelerations in time 
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in order to provide a physiologic basis for the clinical 
use of antepartum fetal heart rate testing. 


Methods 


Patients. Informed consent was obtained from 12 
healthy pregnant women between 38 and 40 weeks’ 
gestation. Fetal outcome confirmed the good health of 
fetuses studied and was previously reported.’ No fetus 
was delivered within 48 hours of study. The mean birth 
weight was 3507 gm and there was no 5-minute Apgar 
score <8. The umbilical cord arterial PO, PCO., and 
pH were within the normal range, and there was no 
umbilical cord arterial pH of <7.20. | 

One fetus was delivered by repeat cesarean section 
and one fetus, in a breech presentation, was delivered 
by cesarean section during labor for failure to progress. 
None of the 12 fetuses developed fetal distress in labor. 

Experimental design. Twelve women were studied 
continuously for 24 hours from 8:00 AM to 8:00 aM the 
next day. Studies were conducted in a quiet room ex- 
posed to normal daylight and darkness and women 
rested in bed, either sitting up or in a lateral recumbent 
position. They were given 800 kcal meals at 8:00 AM, 
12 noon, and 5:00 PM. Smoking was not permitted by 
patients or observers. 

Analysis of fetal heart rate and fetal body move- 
ments. A mixed fetal and maternal electrocardiogram 
was obtained from three platinum needle electrodes 
(Grass Instruments, Quincy, Massachusetts) placed sub- 
cutaneously in the anterior abdominal wall of the 
mother. Fetal and maternal QRS complexes were rec- 
ognized by an abdominal electrocardiogram processor 
(Hewlett-Packard Corporation, Palo Alto, California). 
The time between successive fetal and maternal heart- 
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Fig. 1. A chart recording with five fetal heart rate accelerations demonstrates method of analysis 
used to determine the time necessary to observe two, three, or five fetal heart rate accelerations. 


beats, recognized by the processor, were measured on 


line to within 50 microseconds by a PDP 11 computer 


(Digital Equipment Corporation, Maynard, Massachu- 
setts) as previously described.” The mean FHR and in- 
cidence and number of fetal body movements were 
` analyzed on line. 

Gross fetal body movements were medeured with an 
ADR real-time scanner (ADR Ultrasound, Tempe, Ar- 
izona) as previously described.* The transducer oper- 
ated át a frequency of 3.5 MHz with an average inten- 
sity of 0.045 mW/cm?. Individual gross fetal body 
movements were identified on a video monitor: and 
coded by an event marker. The transducer was posi- 
tionéd over the maternal abdomen to permit contin- 
_ uous observation of a longitudinal cross section of fetal 
chest and abdominal wall echoes. 

For the purpose of this analysis, accelerations in the 
fetal heart rate were identified from continuous chart 
recordings as increases in the fetal heart rate of either 
215 bpm for 15 seconds or 210 bpm for =6 seconds 
from the baseline. The baseline was taken as the mean 
fetal heart rate for 2 minutes before and 2 minutes 
‘after accelerations unless a shift occurred in the base- 
line, in which case the value 2? minutes before was con- 
sidered the baseline. Only intervals between successive 
accelerations that were not interrupted by artifact or 
technical problems were considered for analysis. When 
successive accelerations were identified, the times be- 
tween the beginning of one to the end of the next 
acceleration, the beginning of one to the end, of the 
third, and the beginning of one to the end of the fifth 
consecutive acceleration were measured (Fig. 1). Data 
were analyzed after accounting for time during which 
it was impossible to make analysis because of technical 
problems or patient interruption (16.2% + 1.5% of to- 
tal time). Therefore, the data represent analysis of 241 
of the 288 total hours of recording time. The time 
during which artifact occurred represented times when 


the patient was in the bathroom or changed position 
in bed and appeared to be relatively random. 

Results are presented as grouped means and stan- 
dard errors of the mean. 


Results 


Distribution of intervals of accelerations of 15 bpm 
for 15 seconds. There were 3,893 intervals during 
which two successive fetal heart rate accelerations oc- 
curred. Fig. 2 is a cumulative histogram of the per- 
centage of intervals during which two accelerations oc- 
curred plotied against the length of time of intervals 
from the beginning of one to the end of the next con- 
secutive acceleration of =15 bpm for 215 seconds from 
the baseline. It can be seen that 50% of intervals were 
<150 seconds (2.5 minutes), 95% of intervals were 
<480 seconds (8 minutes), but the longest interval con- 
taining two consecutive accelerations uninterrupted by 
artifact was 4200 seconds (70 minutes). 

There were 3453 intervals during which three con- 
secutive fetal heart rate accelerations occurred. Fig. 3 
is a cumulative histogram of the percentage of intervals 
during which three accelerations occurred’ plotted 
against the length of time of intervals from the begin- 
ning of one to the end of the third consecutive accel- 
eration. It can be seen that 50% of intervals were <300 
seconds (5 minutes), 95% of intervals were <810 sec- 
onds (13.5 minutes), but the longest interval containing 
three consecutive accelerations.uninterrupted by arti- 
fact was 4890 seconds (81.5 minutes). 

There were 2903 intervals during which five consec- 


‘utive fetal heart rate accelerations occurred. Fig. 4 is a 


cumulative histogram of the percentage of intervals 
during which five accelerations occurred plotted 
against the length of time of intervals from the begin- 
ning of one to the end of the fifth consecutive accel- 
eration. It can be seen that 50% of intervals were <570 
seconds (9.5 minutes), 95% of intervals were <1440 
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Fig. 2. A cumulative histogram of the percentage of intervals 


during which two accelerations occurred plotted against the 
length of time of intervals from the beginning of one to the 
end of the next consecutive acceleration. 
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Fig. 3. A cumulative histogram of the percentage of intervals 
during which three accelerations occurred plotted against the 
length of time of intervals from the beginning of one to the 
end of the third consecutive acceleration. 


seconds (24 minutes), but the longest interval contain- 
ing five consecutive accelerations uninterrupted by ar- 
tifact was 4230 seconds (70.5 minutes). 

Fig. 5 is a plot that summarizes Figs. 2, 3, and 4 and 
demonstrates the difference in distribution of time dur- 
ing which two, three, or five fetal heart rate accelera- 
tions of 215 bpm for 215 seconds occur. It can be seen 
that the time during which 50% or 95% of intervals 
occurred was significantly greater for three or five ac- 
celerations but that the longest period of time during 
which two, three, or five accelerations occurred was not 
significantly different (that is, 70 to 80 minutes). 

In order to examine whether a different definition 
of a fetal heart rate acceleration might influence the 


distribution of time intervals of accelerations we mea- , 


sured accelerations of 210 bpm for 26 seconds. It can 
be seen in Fig. 6 that the time during which two ac- 
celerations of =10 bpm for 26 seconds (n = 5940 in- 
tervals) occurred for 50% was 120 seconds (2 minutes), 


that for 95% of intervals was 390 seconds (6.5 minutes), 


and that for all intervals was 1950 seconds (32.5 min- 
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Fig. 4. A cumulative histogram of the percentage of intervals 
during which five accelerations occurred plotted against the 
length of time of intervals from the beginning of one to the 
end of the fifth consecutive acceleration. 
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Fig. 5. Cumulative histograms for the length of time necessary 
to observe two, three, or five fetal heart rate accelerations of 
215 bpm for =15 seconds. 


utes). The time during which three accelerations of = 10 
bpm for 26 seconds (n = 5528) occurred for 50% of 
intervals was 210 seconds (3.5 minutes), that for 95% 
was 630 seconds (10.5 minutes), and that for all inter- 
vals was 2460 seconds (41 minutes). Finally, the time 
during which five accelerations of >10 bpm for >6 
seconds (n = 4828 intervals) occurred for 50% of in- 
tervals was 420 seconds (7 minutes), that for 95% was 
1050 seconds (17.5 minutes), and that for all intervals 
was 3060 seconds (51 minutes). 


Comment 


These data demonstrate the distribution of consec- 
utive fetal heart rate accelerations of =15 bpm for #15 
seconds and of #10 bpm for =6 seconds measured over 
24-hour observation intervals in a group of healthy 
pregnant women at 38 to 40 weeks’ gestational age. For 
the classical definition of fetal heart rate accelerations 
#215 bpm for #15 seconds the longest interval neces- 
sary to measure two, three, or five accelerations was 70 
to 80 minutes. However, in at least half of time intervals, 
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Fig. 6. Cumulative histograms for the distribution of time 
during which there were two, three, or five fetal heart rate 
accelerations of =10 bpm for 26 seconds. 


two, three, or five. accelerations would be observed 
within any. 10-minute interval. Therefore, if clinicians 
wish to use the NST as an index of fetal health an 
improved strategy would be to wait for the presence of 
either two, three, or five accelerations and then ter- 
minate the test. This would save considerable expensive 
chart paper and professional time in conducting tests. 
Our data suggest that it would be necessary to observe 
continuously for 80 minutes in only less than 1% of 
cases before measuring either two, three, or five ac- 
celerations in healthy fetuses. It is important to note 
that the quality of the fetal heart rate tracing was ideal, 
and in clinical practice the data would apply only if a 
high-quality tracing was obtained. 

It is interesting that we previously measured the fetal 
heart rate in a larger group of fetuses in hospitalized 
patients with high-risk pregnancies and also observed 
that the longest time necessary to measure five accel- 
erations in any 20-minute interval was 80 minutes.* 

A physiologic basis for the nonstress test was pro- 
vided from studies in fetal lambs by Natale et al.'* who 
determined that virtually all fetal forelimb activity 
ceased during isocapnic hypoxemia in mature fetal 
lambs. Indeed, it appears that virtually all skeletal mus- 
cle activity is arrested in the hypoxemic fetus. Human 
fetuses, during the last 10 weeks of pregnancy, make 
about 30 gross fetal body movements per hour and 
spend about 9% to 10% of the time making movements 
on average.” However, episodes of gross fetal body 
movements occur pseudoperiodically’* over a broad 
range of frequencies, and we previously reported from 
other studies that human fetuses may be at rest for up 
to 75 minutes during the last 10 weeks of pregnancy.’ 
The clinical dilemma is how to separate healthy fetuses 
during prolonged periods of rest from fetuses not mov- 
ing because of hypoxemia and/or asphyxia. 

Patterns of fetal heart rate accelerations and of gross 
fetal body movements are essentially the same at term. 
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Timor-Tritsch et al.," using strain gauges placed on 
the maternal abdominal wall, reported that 99.8% of 
all fetal movements of >3 seconds were associated with 
fetal heart rate accelerations. With the use of real-time 
ultrasound for recognition of fetal movements, it was 
reported that 85% of all fetal heart rate accelerations 
occurred with gross fetal body movements and 92% of 
all gross fetal body movements were associated with 
fetal heart rate accelerations.” It is not yet clear what 
physiologic mechanism causes the coincidence of fetal 
heart rate accelerations and gross fetal body move- 
ments. However, quantitative observation of fetal 
movements would appear to be interchangeable with 
fetal heart rate accelerations as a measurement of reac- 
tivity in structurally normal, near term, human fetuses, 
with mothers not receiving drugs which might reduce 
or abolish accelerations in the fetal heart rate. 

Finally, clinicians have adopted the definition for an 
acceleratior: of =15 bpm for #15 seconds. The current 
data were collected from highly controlled experiments 
and demonstrate that a definition of fetal heart rate 
acceleration of =10 bpm for 26 seconds would reduce 
the time necessary to observe fetal heart rate acceler- 
ations. However, until improved recording methods 
appear, the traditional definition should be used to sim- 


plify the problem of artifacts interfering with fetal heart 


rate analysis. Furthermore, considerable clinical data 
would be required before introducing a new definition 
of the threshold for an acceleration. It remains to be 
determined whether similar distributions of fetal heart 
rate accelerations occur in fetuses early in pregnancy. 
In particular, we need much more data regarding the 
fetal heart rate during the second and early third 
trimesters of pregnancy in humans. 


We wish to thank Drs. J. Challis, P. Harding, and B. 
Richardson for their interest in this work and Mrs. 
Theresa Clarke for her excellent technical assistance. 
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Serious as well as minor side 
effects have been reported 
following the use of all oral 
contraceptives. These include 
thromboembolic disease. 
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ORAL CONTRACEPTIVE (0.C.) AGENTS 


indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBO- 
EMBOLISM. Because studies have shown a positive association between OC 
estrogen dose and risk of thromboembolism, it is prudent to minimize estro- 
gen exposure. Prescribe an OC with the least amount of estrogen compatible 
with an acceptable pregnancy rate and patient acceptance. Start new users on 
OCs containing 0.05 mg or less of estrogen. 

Contraindications: 1. Known or suspected pregnancy (see Warning #5). 2. 
Thrombophiebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undiagnosed abnormal gen- 
ital bleeding. 5. OCs should not be used by women who have or have had any of 
the following: a. cerebral vascular or coronary artery disease, including 
myocardial infarction. b. known or suspected carcinoma of the breast. c. 
known or suspected estrogen dependent neoplasia. d. benign or malignant 
liver tumor that developed during use of OCs or other estrogen containing prod- 
ucts. 


WARNINGS: Cigarette smoking increases the risk of serious cardiovascular 
side effects from OC use. This risk increases with age and with heavy 
smoking (15 or more cigarettes per day) and is quite marked in women 
el 35 ee of age. Women who use OCs should be strongly advised 
not to smoke. 


The use of OCs is associated with increased risk of several serious con- 
ditions jncluding thromboembolism, stroke, myocardial infarction, liver 
tumor, gall bladder disease, visual disturbances, fetal abnormalities, and 
hypertension. Practitioners prescribing OCs should be familiar with the 
following information relating to these risks. 





1. Thromboembolic Disorders and Other Vascular Problems: An increased risk 
of thromboembolic and thrombotic disease associated with OC use is estab- 
lished. One study demonstrated an increased relative risk for fatal venous 
thromboembolism and several studies demonstrated it for non-fatal venous 
thromboembolism. They estimate that OC users are 4-11 times more likely than 
nonusers to develop these diseases without evident cause: One British study 
reported an excess death rate of 40% in OC users, most of which resulted from 
cardiovascular disease. Another British study showed a lower death rate in OC 
users than controls; an increase in cardiovascular deaths was seen but was not 
Statistically significant. A U.S. prospective study failed to disclose increased 
mortality rates from cardiovascular disorders, but a subset analyzed as a 
retrospective, case-control study showed significant increases in venous 
thromboembolism. CEREBROVASCULAR DISORDERS. Two American studies 
demonstrated an increased relative risk for stroke not shown in prior British 
studies. In an American study of cerebrovascular disorders in women with and 
without predisposing causes, relative risk of hemorrhagic stroke was estimated 
as 2.0 times greater and thrombotic stroke as 4-9.5 times greater in users 
than nonusers. A British long-term, follow-up study reported in 1976 a highly 
significant association between OC use and stroke. Another study had sug- 
gested an association in 1974, but the number of cases was too small to esti- 
mate the risk. Subarachnoid hemorrhage has been shown to be increased by OC 
use in British and American studies. Smoking alone increases incidence of these 
accidents; smoking and pill use appear to increase risk more than either alone 


MYOCARDIAL INFARCTION (MI). Increased relative risk of Mi associated with 
OC use has been reported. One British study found that the greater the number 
of underlying risk factors for coronary artery disease (Cigarette smoking, 
hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic 
toxemia) the higher the risk of developing MI, regardless of OC use. OCs were 
an additional risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
MI) are twice as likely to have a fatal MI as nonsmoking nonusers. OC users 
who are smokers have a 5-fold increased risk of fatal infarction compared to 
ee users, and a 10-12-fold increased risk Compared to nonsmoking 
nonusers. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must 
be considered. (Estimates are based on British vital statistics which show acute 
MI death rates 2-3 times less than in the U.S. so U.S. death rates could be 
higher.) Importance of other predisposing conditions in determining relative and 
absolute risks has not been quantified; other synergistic actions may exist 
RISK OF DOSE. Using data from several national adverse reaction reporting sys- 
tems, British investigators concluded that risk of thromboembolism, includ- 
ing coronary thrombosis, is directly related to estrogen dose in OCs. OCs with 
0.1 mg or more of estrogen were associated with a higher risk of thromboembo- 
lism than those containing 0.05-0.08 mg but quantity of estrogen may not 
be the sole factor. This was supported by a U.S. study. A British study found 2 
positive association between dose of progestogen or estrogen and certain 
thromboembolic conditions. Swedish authorities noted decreased reporting 
of thromboembolic episodes when higher estrogen -preparations were no 
longer prescribed. Careful epidemiological studies to determine degree of 
thromboembolic disease risk associated with progestogen-only OCs have not 
been done. Thromboembolic disease has been reported in women using these 
products, and they should not be considered free of excess risk. PERSISTENCE OF 
RISK. Two studies have suggested an increased risk may persist for 6 years after 
discontinuation of OC use for cerebrovascular disease and 9 years for MI: another 
study suggested persistence of risk for subarachnoid hemorrhage. ESTIMATE 
OF EXCESS MORTALITY FROM CIRCULATORY DISEASES. A large British 
prospective study estimated mortality rate per 100,000 women per year from 
circulatory system diseases for OC users and nonusers according to age, smok- 
ing habits, and duration of use. The overall annual excess death rate for OC 
users was estimated to be 20/100,000 (ages 15-34—5/100,000; ages 
35-44—33/100,000; ages 45-49—140/100,000). Risk is concentrated in long- 
term users and in smokers, and may persist after OC discontinuation. Although 
the study showed a 10-fold increase in death due to circulatory diseases in 
users for 5 or more years, all occurred in women 35 or older. An update pro- 
vided the following rates: ages 15-34—1/6700 for nonsmokers and 1/2000 
for smokers; ages 45 and over—1/2500 for nonsmokers and 1/500 for 
smokers. Risk appeared to increase with parity, but not with duration of use 
Until more women under 35 with continuous use for 5 or more years are avail- 
able, it is not possible to assess relative risk for this age group. Data from a 
variety of sources have been analyzed to estimate risk of death associated 
with various methods of contraception. Estimates include combined risk of the 
contraceptive method (e.g., thromboembolic and thrombotic disease for OCs) 
plus risk attributable to pregnancy or abortion if the method fails (which 
varies with the effectiveness of the contraceptive method). Data are shown 
in Table 1 below. The study concluded that mortality associated with all contra- 
ceptive methods is below that of childbirth, except for OCs in women over 40 
who smoke. (Rates given for pill only/smokers for each age are for smokers 
as a Class. For “heavy” smokers (more than 15 cigarettes a day), rates would 
be about double; for “light” smokers (less than 15), about half.) The lowest 
mortality is with the condom or diaphragm backed up by early abortion. 
The study also concluded that OC users who smoke, especially over 30, have 
greater mortality risk than OC users who do not smoke 


Table 1. Risk of thromboembolic and thrombotic disease associated with OCs 
increases with age after 30 and, for MI, is further increased by hypertension, 
hyperlipidemias, obesity, diabetes. or history of preeclamptic toxemia, and 
especially by smoking. The following chart gives a gross estimate of risk of 
death from circulatory disorders associated with OC use 


SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—RISK ASSOCIATED WITH USE OF OCs 
Age Below 30 30-39 
Heavy smokers C 
Light smokers D 
Nonsmokers 
(no predisposing conditions) C.D C 
Nonsmokers 
(other predisposing conditions) C CB es BA 


A—Use associated with very high risk. C—Use associated with moderate risk 














Physician and patient should be alert to earliest manifestations of thromboem- 
bolic and thrombctic disorders (e.g., thrombophlebitis, pulmonary embolism, 
cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and 
mesenteric thrombosis). Should any of these occur or be suspected, discon- 
tinue OC immediately A 4-6 fold increased risk of post-surgery thromboembolic 
complications has been reported in OC users. If feasible, ciscontinue OCs at 
least 4 weeks before surgery associated with increased risk of thromboem- 
bolism or prolonged immobilization. Before resuming OC after major surgery 
or bedrest, balance risks of post-surgery thromboembolic complications with 
contraceptive needs. Data suggest varicose veins substantially increase risk of 
superficial venous thrombosis of the leg, the risk oe epee on severity of the 
varicosities. 2. Ocular Lesions: Neuro-ocular lesions such as optic neuritis 
or retinal thrombosis have been associated with OC use. Discontinue OC if 
there is unexplained, sudden or gradual, partial or complete loss of vision; 
onset of proptosis or diplopia; papilledema; or retina! vascular lesions; and 
institute appropriate diagnostic and therapeutic measures. 3. Carcinoma: 
Long-term continuous administration of natural or synthetic estrogen in cer- 
tain animals increases certain tumors, benign or malignamt, such as breast, 
cervix, vagina, uterus, ovary, pituitary and liver. Certain synthetic progestogens, 
none currently in OCs, increase the incidence of mammary nodules, benign 
and malignant, in dogs. Several retrospective case-control studies reported an 
increased relative risk (3.1-13.9 times) associating endometrial carcinoma with 
prolonged use of estrogens in postmenopausal women. One publication re- 
ported the first 30 cases submitted to a registry of cases of adenocarcinoma 
of the endometrium in women under 40 on OCs. Of the adenocarcinomas 
found in women without predisposing risk factors for adenocarcinoma of the 
enddémetrium (e.g., irregular bleeding when OCs were first given, polycystic 
ovaries), nearly all occurred in women who had used sequential OCs, which 
are no longer marketed. No statistical association has Deen reported sug- 
gesting an increased risk of endometrial cancer in users of conventional com- 
bination or progestogen-only OCs, although individual cases have been reported. 
Studies have shown no increased risk of breast cancer to OC or estrogen users 
One study found no overail increased risk of breast cancer in OC users but a 
greater risk was suggested for OC users with documented benign breast dis- 
ease and for long-term (2-4 years) users. Another study found a history of 
breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or 
more years than among nonusers with breast cancer. One other study indicated 
an increasing risk of breast cancer in women taking menopausal estrogens, 
which increased with duration of follow-up. One author suggests that 
extended (over 6 years) OC use prior to first full term pregnancy was asso- 
ciated with a significant relative risk of breast cancer. A reduced occurrence 
of benign breast tumors in OC users has been well documented. One study 
reported malignant melanoma more frequently in OC users than controls and 
suggests an increased incidence of urinary tract and thyroid cancers. A pro- 
spective study of women with cervical dysplasia found ar increase in severity 
and conversion to cancer in situ in OC users compared with nonusers. This 
became statistically significant after 3-4 years of use. Nonreversal of dys- 
plasia within the first 6 months of pill use was suggested to predict progres- 
sion after prolonged exposure. One study disclosed an inc-eased risk of cancer 
of the cervix (largely carcinoma in situ) in OC users under 40, particularly 
those who had used OCs over 4 years. There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all OC users is, nevertheless, 
essential. In all cases of undiagnosised persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 
4. Liver Tumors- Sudden severe abdominal pain or shock may be due to rupture 
and hemorrhage of a liver tumor. There have been reports associating benign 
or malignant liver tumors with short-term and long-term OC use. One study 
reported use of OC's with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relete risk with duration 
of use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatocellular adenoma of 3-4/100,000 
Although an uncommon lesion, it should be considered in women presenting 
with an “acute abdomen.” The tumor may cause serious or fatal hemorrhage. 
Patients with liver tumors have demonstrated variable clinical features which 
may make preoperative diagnosis difficult. Some cases presented because of 
right upper quadrant masses, while most had signs and symptoms of acute 
intraperitoneal hemorrhage. Routine radiological and laboratory studies may 
not be helpful. Liver scans may show a focal defect. Hepetic arteriography may 
be useful in diagnosing primary liver neoplasm. 5. Use m or Immediately Pre- 
ceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Off- 
spring: Use of female sex hormones—estrogenic and progestational agents— 
during early pregnancy may seriously damage the offspring. Females exposed 
in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily 
extremely rare. This risk has been estimated to be of the order of 1/1000 
exposures or less. Although there is no evidence that OCs further enhance the 
risk of developing this type of malignancy, such OC users should be moni- 
tored with particular care. A high percentage of women exposed to diethyl- 
stilbestrol (30-90%) have epithelial changes of the vagina and cervix. Although 
these changes are histologically benign, it is not known whether they are a pre- 
cursor of vaginal malignancy. Male children so exposed may develop uro- 
genital tract abnormalities. Although similar data are 10t available on other 
estrogens. it cannot be presumed that they would not induce similar changes 
Increased risk of congenital anomalies, including heart and limb defects, has 
been reported following use of sex hormones. including OCs. in pregnancy 
One case-contro! study estimated a 4.7-fold increased relative risk of limb- 
reduction defects in infants exposed in utero to sex hormones (OCs, hor- 
monal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data Suy- 
gest risk of limb-reduction defects in exposed fetuses is somewhat less than 
1/1000 live births. In a large prospective study, cardiovascular defects in 
children born to women who received female hormones, including OCs, during 
early pregnancy occurred at 18.2/1000 births, compared to 7.8/1000 for 
children not so exposed in utero. These results are statistically significant. 
A Welsh stucy found a statistically significant excess of neural tube defects 
among offspring of prior OC users (within 3 months} than among controls 
The incidence of twin births may be increased for women who conceive shortly 
after discontinuing OC use. In the past, female sex hormones were used during 
pregnancy in an attempt to treat threatened or habitual abortion. There is 
evidence that estrogens are ineffective, and there is no evidence from well 
controlied studies that progestogens are effective for these uses. There is 
some evidence that triploidy and possibly other types of polyploidy are 
increased among abortuses from women who become pregnant soon after 
ceasing OCs. Embryos with these anomalies are virtually always aborted 
spontaneously. Whether there is an overall increase in spontaneous abortion 
of pregnancies conceived soon after stopping OCs is unknown. If the patient 
has not adhered to the prescribed schedule. consider possible pregnancy 
at the first missed period (or 45 days from the last menstrual period if pro- 
gestogen-only OCs are used) and ‘Gecontiaus OC use until pregnancy has 
been ruled out. For any patient who has missed two consecutive periods, rule 
out pregnancy before continuing the OC. If pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant should use 
an alternate form of contraception for a period of time before attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased fre- 
quency of neural tube defects in women impregnated during the first 3 months 
after cessation of OC use. Do not use progestogen-only or progestogen- 
estrogen Combinations to induce withdrawal bleeding as a pregnancy test. 
6. Gall Bladder Disease: Studies report increased risk of gall bladder disease 
in OC or estrogen users. In one study, an increased risk appeared after 2 years 
of use and doubled after 4-5 years. In another study, an increased risk was ap- 
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Because a decrease in glucose tolerance has been observed in a significant 

percentage of patients on OCs, prediabetic and diabetic OC users should be 

carefully observed. An increase in triglycerides and total phospholipids has 

been observed in OC users but its clinical significance is unknown. 8. Elevated 

Blood Pressure: An increase in blood pressure has been reported with OC 

use. Hypertension may occur within a few months of ae OCs. In the 

first year of use, incidence of hypertension may be no higher in OC users than 

in nonusers. Incidence in users increases with exposure and in the fifth year 

of use is 2.5-3 times that in the first year. Age is strongly correlated with 

hypertension in OC users. Women with a history of elevated blood pressure 

(hypertension), preexisting renal disease, history of toxemia or elevated blood 

pressure during pregnancy, familial tendency to hypertension or its conse- 
quences, or history of excessive weight gain or fluid retention during the men- 
strual cycle may be more likely to develop elevated blood pressure when 

given OCs and should be monitored closely. Even though elevated blood 

pressure my remain within the “normal” range, closely watch elevations, 
particularly for women with other risk factors for cardiovascular disease 

or stroke. High blood pressure may or may not persist after OC discontinu- 
ation. 9. Headache: Discontinue OC and evaluate the cause of onset or exac- 
erbation of migraine or development of a new pattern of headache which 

is recurrent, persistent, or severe. 10. Bleeding Irregularities: Breakthrough 

bleeding, spotting, and missed menses often make users discontinue OCs 

in breakthrough bleeding, as in all cases of irregular bleeding from the vagina, 
consider nonfunctional causes. In undiagnosed persistent or recurrent abnor- 
mal bleeding from the vagina, use adequate diagnostic measures to rule out 

pregnancy or malignancy. If pathology has been excluded, time or another 

formulation may solve the problem. While potentially useful in minimizing 

menstrual irregularity, change to an OC with a mae estrogen content only 

if necessary since this may increase risk of thromboembolic disease. Women 

with a history of oligomenorrhea or secondary amenorrhea or young women 

without regular cycles may tend to remain anovulatory or to become amenor- 
rheic after OC discontinuation. Women with these preexisting problems should 

be advised of this and encouraged to use other contraceptive methods. Post- 
use anovulation, possibly prolonged, may occur in women without previous 

irregularities. A higher incidence of galactorrhea and of pituitary tumors 

(e.g., adenomas) has been associated with amenorrhea in former users com- 
pared with nonusers. One study reported a 16-fold increased incidence of 

pituitary prolactin-secreting tumors among patients with postpill amenor- 
rhea when, galactorrhea was present. 11. /afertility: There is evidence of impair- 
ment of fertility in women discontinuing OCs in comparison with other 

contraceptive methods, which appears to be independent of duration of use 

While impairment diminishes with time, there is an appreciable difference in 

results in nulliparous women for OC and other groups 30 months after dis- 
continuation of birth control. For parous women the difference is not apparent 

30 months after cessation of contraception. 12. Ectopic Pregnancy: Ectopic 
as well as intrauterine pregnancy may occur in OC failures. In progestogen- 
only OC failures, the ratio of ectopic to intrauterine pregnancies is higher than in 
nonusers, since the drugs are more effective in preventing intrauterine than 
ectopic pregnancies. 13. Breast Feeding’ OCs in the postpartum period may 
interfere with lactation by decreasing quantity and quality of breast milk. A 
small fraction of OC hormonal agents has been identified in milk of mothers 
receiving OCs. Effects. if any, on the breast-fed child have not been deter- 
mined. If feasible. defer OC use until the infant has been weaned. Precautions 
GENERAL 1. Take a complete medical and family history before starting OCs 
Pretreatment and periodic physical exams should include special reference to 
blood pressure. breasts. abdomen and pelvic organs, including Papanicolaou 
smear and relevant lab tests. As a general rule, OCs should not be prescribed 
for longer than 1 year without another physical. 2. Under the influence of 
estrogen-progestogen preparations, preexisting uterine leiomyomata may 
enlarge. 3. Observe patients with a history of psychic depression and discon- 
tinue OCs if depression recurs to a serious degree. Patients becoming signif- 
icantly depressed while taking OCs should stop the OC and use an alternate 
method of contraception to determine whether the symptom is drug related 
4. OCs may cause some fluid retention. Prescribe with caution, and only with 
Careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma 
or cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaun- 
dice during pregnancy have an increased risk of recurrence while using OCs 

Discontinue OC if jaundice develops. 6. Steroid hormones may be poorly 
metabolized in patients with impaired liver function and should be admin- 
istered with caution in such patients. 7. OC users may have disturbances in 
normal tryptophan metabolism that may result in a relative pyridoxine defi- 
ciency. The clinical significance is unknown. 8. Serum folate levels may be 
depressed by OC use. Since the pregnant woman is predisposed to folate 
deficiency and incidence of folate deficiency increases with increasing gesta- 
tion, if a woman becomes pregnant shortly after stopping OCs, she may have 
a greater chance of developing folate deficiency and related complications 

9. Advise the pathologist of OC use when relevant specimens are submitted 

10. Certain endocrine and liver function tests and blood componerits may be 
affected by estrogen-containing OCs. For example: a. Increased sulfobromo- 
phthalein retention. b. Increased prothombin and factors VII, Vill, IX and X; 
decreased antithrombin 3; increased norepinephrine-induced platelet aggrega- 
bility. c. Increased thyroid binding globulin (TBG) leading to increased circu- 
lating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 
by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, 
reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased 
pregnandiol excretion. e. Reduced response to metyrapone test. f. Increased 
phospholipids and triglycerides. g. Temporarily decreased glucose tolerance. 
11. Contact lens wearers who develop visual changes or changes in lens toler- 
ance should be assessed by an ophthalmologist and temporary or permanent 
cessation of wear considered. DRUG INTERACTIONS. OCs may be less effective 
and there may be increased breakthrough bleeding because of interactions with 
rifampin, isoniazid, ampicillin, tetracycline, neomycin, penicillin V, chloram- 
phenicol, sulfonamides, nitrofurantoin, barbiturates, phenytoin, primidone, 
analgesics, tranquilizers, anti migraine preparations, and antihistamines. OCs 
may alter effectiveness of such other drugs as oral anticoagulants, anticonvul- 
sants, tricyclic anti depressants, antihypertensive agents (e.g., guanethidine). 
vitamins, hypoglycemic agents, tranquilizers, hypnotic preparations, and 
theophylline. CARCINOGENESIS See Warnings. PREGNANCY Pregnancy cate- 
gory X. See Contraindications and Warnings. NURSING MOTHERS See Con- 
traindications and Warnings. Adverse Reactions An increased risk of the 
following serious adverse reactions has been associated with OC use (see 
Warnings): thrombophlebitis, thrombosis, pulmonary embolism, coronary 
thrombosis, cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral 
hemorrhage, hypertension, gall bladder disease, congenital anomalies, neuro- 
ocular lesions, e.g., retinal thrombosis and optic neuritis, Raynaud's disease, 
arterial thromboembolism. The following adverse reactions have been reported 
in OC users and are believed to be drug related: bleeding irregularities (break- 
through bleeding, spotting, missed menses during treatment, amenorrhea 
after treatment), gastrointestinal symptoms, (nausea, vomiting, bloating, 
abdominal cramps), dysmenorrhea, infertility after discontinuance of treat- 
ment, edema, chloasma or melasma which may persist after drug is discontin- 
ued, breast changes (tenderness, enlargement, and secretion), intolerance to 
contact lenses, change in corneal curvature (steepening), change in weight 
(increase or decrease), change in cervical erosion and cervical secretion. possi- 
ble diminution in lactation when given immediately postpartum, cholestatic 
jaundice, migraine, increase in size of uterine leiomyomata. rash (allergic). 
mental depression, reduced tolerance to carbohydrates, vaginal candidiasis, 
prolactin-secreting pituitary tumors, chilblains. The following adverse reactions 
have been reported in OC users and the association has been neither confirmed 
nor refuted: premenstrual-like syndrome, cataracts, changes in libido, chorea. 
changes in appetite, cystitis-like syndrome, headache, nervousness, dizziness. 
hirsutism, loss of hair, erythema multiforme, erythema nodosum. hermorrha- 
gic eruption, vaginitis, porpyhria, impaired renal function, malignant nephro- 
sclerosis (hemolytic uremic syndrome). Information for the Patient (See Patient 
Package Insert) 
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BETADINE€ antiseptic gel... 


for symptomatic relief 
of minor vaginal soreness, 
irritation, and itching 


Simple to apply with its own vaginal applicator, 
BETADINE Antiseptic Gel (povidone-iodine) is 
ideal for use at bedtime. It remains in contact 
with irritated vaginal tissue, and it maintains 
activity even in the presence of vaginal 
discharge. Your patients will appreciate the 
special relief it offers . . . comfort on contact 
that lasts all night long. 
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> ‘Rots are derived from separate studies from aiteren investigators in several population groups: ghd r 
at not be compared precise . 
7 Serious as weil. os minor ph reactions have been reported toli owing the use of at orat 


traceptives 
‘Data on oi for 22, 489 total nics: Wath Laboratories; ‘See e important information on following page 
















dications and Usage—LO/OVRAL® is indicated for the prevention of pregnancy in women who elect to 
‘ofa! contraceptives (OC's) as a method of contraception. . 

ntraindications—-OC’s shouid not be used in women with any of the following conditions. 

“fhromiboohiebitis or thrommboembale disorders. 

: A past history of deep-vein thromboohlebite or hramboembone disorders. 

Cerebrai-vascular or Coranary-ariery disease. 

Known or suspected carcinoma of the breast. 

Known or suspected estrogen-dependent neoplasia. 

adiagniosed abnormal gemtal bleeding. 

7o Khawa or suspected pregnancy (see Warring No. 5). 

& Benign or malignant liver tumor which developed during use of OC's or other estragen-conlaining 























garette smoking increases the risk of serious cardiovascular side effects from orai contraceptive 
‘This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite 
ked in women over 35 years of age, Women who use oral contraceptives should be strongly advised 












‘he-use of oral contraceptives 3 associated with increased risk of several serous conditions, nciuding 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gailbiadder disease, hypertension. 


actitioners prescribing oral contraceptives should be farmuiiar with the following information relating to 











































































































hromboemboic Disorders and Other Vascular Problems—-An increased isk of thromboembolic and 
thrombotic disease associated wth use of OC’s is well established. Three principal studies em Great Brita 

i ganthe US. have demonstrated increased risk of fatal and nonfatal venous thromboembolism and 
take, both hemorrhagic and thrombotic. These stucies estimate that users af OC's are dto li tines more 
ikely than nonusers to develop these diseases without evident cause. 

SEBROVASCULAR DISORDERS —in a collaborative Amencan study of cerebrovascular disorders in 
women with and without predisposing Causes, it was estimated that the rsk of hemormagic stroke was 2.0 
as greater in users than nonusers and the risk of thrombotic stroke was 4 to 95 tines greater in users 
han in sonusers. 

YOCARDIAL INFARCTION (MI -An increased risk of MI associated with use of OC's bas been reported. 
confirming a previously suspected association. These studies, conducted in the UK, found, a$ expected. 
hat the greater the number of underiying risk factors for coronary artery disease ‘cigarette smoking, 
tension, hypercholesterolemia, obesity, diabetes. history of pre-eciamptic toxemia) the higher the nisk 
doping Mi, regardiess of whether the patient was an OC user or nat. OC's, however, were found to be 
dr Additional risk factor. In terms of relative risk, +t has been estimated that OC users who do not smoke 
(smoking is considered a major predisposing Condition to MU) are about wice as likely to Nave a fatal MI as 
ts whe do not smoke. OC users who are also smokers have abou: 4 5-fold increased osk af fatal Mi 
pared fo users who do not smoke. but about a 10- to 12-fold increased nsk Compared to nonusers whe 
jot smoke, Furthermore, amount of smoking is also an important factor in determining importance of 
a relative risks, however baseline rates for varius age groups must be given serous consideration. 
importance of other predisposing conditions mentioned above in Gelermimog relate and absolute risks 
not as yet been quantihed, quite likely the same synergishe achon gusts, buf perhaps to a lesser extent. 
RISK. OF DOSE~In an analysis of data derived from several national adverse reaction reporting systems, 
itish investigators conciuded that nek of thromboembolism, inciucing Coronary Thrombosis, 1s directly 
related to dose of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated 
itt higher risk of thromboembolism than those contaring 50-80 meg. Ther analysers did suggest, however, 
al Quantity of estrogen may not be the sole factor involved. This finding bas been confirmed in the US. 

TIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES. A large prospective Study camed 
out inthe UK estimated the mortaity rate per 100 000 women per year from diseases of the circulatory 
tem for users and nonusers of OC's according to age. smoking habits. and duration of use. Overaii 
èss death rate annually from circulatory diseases for OC users was eshmated to be 20 pet 100,000 
es 15-34--5/100,000, ages 36-44... 33/100,000: ages 45.49... 140100000). tsk berg concentrated 
ider women, in those with iong duration of use, and m cigarette smokers. It was ect possible, however, 
axamine interrelationships of age. smoking, and duration of use, nor to compare effects af continuous 
intermittent use. Although the study showed a LOJoid increase im death due to circulatory diseases in 
= for S or more years. all these deaths occurred in women 35 or cider Unti larger numbers of wormen 
5 35 with continuous use for 5 or more years are available, fi not possible to assess magnitude of 
ive risk for this younger group. Available data from a vanety of sources have been anaiv7ed to estunate 
“of death associated with vanous methods of contraception. Estirnates of nak of death for each method 
combined risk of contraceptive method (e.g. thromboembolic and thrambotre disease in the case 
OC's}. plus nsk attributable to pregnancy or aborton in event of method failure Thus latter nsk vanes with 
fectiveness of method. The study canciuded that mortality associated with all methods cf bath controls 
rand below that associated with chddbirth, with the exception of CC's in women aver 40 whe smoke. 
west mortality is associated wdh condom or diaphragm hacked up by early abortan. Risk of thromboem- 
plic and Inrambolic disease associated with OC's increases with age after about 30 and, for Mis further 
teased by hypertension, nyperchoiestercientia, obesity. diabetes, Gr history of pre-eciamphc trema, 
“aspecially cigarette smoking. Physician and patient should be aler! to earliest manifestations of throm- 
bolic and thrombotic disorders (eg. thrambopniebiis, pulmonary embousin, cerebrovascular insul- 
ancy coronary occlusion, retinal thrombosis, and mesentenc trombosis). Should any of these occur of 
“Suépected, the drug should be discontinued immediately A 4- to &-feld increased mak of postsurgery 
omboembolic complications has been reported in OC users. 
asbie. OCs should be discontinued af least 4 weeks before surgery of a type assomated with increased 
$k of thromboemboham or prolonged mmobdilizaton. 

"RSISTENCE OF RISK OF VASCULAR DISORDERS -Findings fram one study in Britain invaiving Cere- 
trovascular disease and another in the US. concerning MI suggest an increased nok of these canditions 
users of OC's persists after discontinuation of the OC's. tn the Bntish study, nsi of cerebrovascular 
disease remained elevated in former OC users for at least & years after discontinuation In the U S. study. 
creased risk of Mi persisted for at least 9 years in women 40 to 49 years oid who had used OC's far S 
fore years, Findings in both studies require confirmation since Mey are ncorastent with ether pub 
shed information. 
cular Lesions...There have been reports of neurg-ocular sie Ns such as optic néuntis or (ena 
Hombosis associated with use of OC's Discontinue OC's € there ig unexplained, Sudden of gradual, partia! 
complete loss of vision, onset of proptosis or diolopia: papdiedema, or rehral-vascular lenons, ang 
wishtute apprapniate diagnoshc and therapeute measures. 

















‘arcinoma -—-Long-lerm continuous admunistrahon of ether natural or systhetic estrogen tn certain 
mal species increases frequency of carcinoma of the breast. cervis, vagina. and iver Certam synthetic 
Cpestogens, none currently castained in OC's, Rave been noted to increase incidence of mammary 


pdules, benign and malignant. in dogs. In humans. 3 case-control studies Nave reported an increased 
sk of endometnal carcinoma associated with prolonged use of exogenous estrogen im postmenopausa: 
omens. One publication reported on the first 2] cases submitted by physicians to a registry of cases gi 
deriocarcinoma of the endametnum in women under 40 on OC's. Of cases found 1a women wilhaul 
redisnosing rak factors (e.g. regular bleeding at the hme OC's were frst given, polycyshe ovaries). Nearly 
fLaccurred in women who hag used a sequential OC. These are no longer marxeted. No evidence "a5 
heer reported suggesting increased nsk of endometnal cancer in users of conventional COMoNaGN OF 
ropestogen-only OC's. Several studies have found na increase in breast cancer in women taking OC's of 
strogens, One study. however, while aiso noting no overall increased risk of breast cancer in women on 
C's, found an excess risk in subgroups of OC users with documented benign breas! disease Reduced 
currence of benign breast tumors ui users of DC's has been well documerted. In surmay., there is al 
acer no confirmed evidence fram human studies of increased risk of Cancer asscuated wih OC's. Clase 
miga survediance of all women on OC's 15, nevertheless, essenbal. In al cases of undiagnosed persistent 
yecurrent abnormal vaginal bleeding, appropriate diagnoshc measures Showed be taken to rule gut 
nalignancy, Women wilh a strong farmly story of breast Cancer or with Dreast nodules, Abrocyste disease, 
Labnormal mammograms should be monitored with particular care if they elect te use OC's. 
Hepatic Tumors Benign hepatic adenomas have been fourd to be associated with use of OC's. One 
dy showed that OC's with high harmona potency were associated with higher nsk nan lower potency 
| Although benign, hepatic adenomas may rupture and may Cause death through intra abdominal 
éincrrfhage. This has been reported im shorl-fern as well as long-term users. Two Studies relate ask with 
"Hurston of use of OC's, the risk being much greater after 4 or more years use. White hepatic adenoma i3 
yare, if should be considered in women presenting abdomunai pair and tenderness, abdorninal mass oF 
hock. A few cases of hepatocelasar carcinoma have been reported in women on OC's Relabonstis of 
hese drugs to this type of malignancy is not known. 
"3. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring. ang Maignancy in Female 
fispring--dise of female sex hormones..both estrogenic and progestational agents. during eatly preg: 
ancy May seriously damage the offspring. It has been shawn that ‘emaigs exposed in utero to chethyish! 
bestrol, a nonsteroidal estrogen, have increased ask of developing in later hie a form of vaginal or cervical 
cancer ordinarily extremely rare, This risk has been estimated fo be of the order of tun 7.000 exposures or 
fess. Although there is na evidence now that OC's further enhance ngk of developing this type of malignant y. 
uch pahents should be monitored with particular care if they elect to use OC's. Fu 3 








rR e arthermore, 30 to 90% 
cof guth exposed women have been found to have epithelial changes of the vagina and cervis. Although 
hese changes are histologically benign, it is not known whether this condition i3 4 precursor a raged 


j 1984, Wyeth Laboratories 





% 


malignancy. Male children so exposed mäy dei 





ities of {he urogenital tract. Although Si 


igp abnormal 
data are not avadable with use of Gther estrogens, if cannot be presumed they would not induce similar’ 
changes. An increased risk of congenital anomalies. including heart defects and imt detects, has been: 
reported with use of sex hormones. including OC's, in pregnancy. One-case Control study estimated a 47- 
fold increase in rsk of imb-reduchor defects in infants exposed in utero to sex hormones (OC's. hormonal 
withdrawal tests ‘or pregnancy, or attempted treatment for threatened abortion). Some exposures involved 
only a few days. Data suggest that risk of imb-reduction defects in exposed fetuses is somewhat less than 
lin 1,000 live brths. in the past, female sex hormones have been used during pregnancy in an attempt to 
treat threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these 
indicatians, and there is no evidence from well-controlled studies thal progestogens are effective. There is 
same evidence that tiploidy and possibly other types of polyploidy are increased among abortuses from 
women who became pregnant soon after ceasing OC's. Embryos with these anomales are virtually always 
aborted spontaneously Whether there is an overall mcrease in spontaneous abortion of pregnancies Corn- 
cewved soon after stopping GC's s unknown. It is recommended that. for any patient who has missed 2 
consecutive periods, pregnancy should be ruled out before continuing OCs. ff the pabént has not adhered 
to the prescobed schedule, the possibility of pregnancy should be considered af time of first missed period, 
and further use of OC's should be withheld until pregnancy has been ruled out. If pregnancy is Confirmed. 
the patient sho, id be apprised of the potential risks to the fetus, and adwisabiity ot continuation of the 
pregnancy shouid be discussed. It is also recommended that women who discontinue OC's with intent of 
becoming pregnant use an alternate form of contraception for a period of time pelore attempting to 
conceive. Many clinicians recommend 3 months, aithough no precise information is avarable on which to 
hase this. The admunistration of progestogen-estragen combinations to induce withdrawal bleeding should 
not be used as a test of pregnancy. 
E. Galibladder Disease--Studies report increased risk of surgically confirmed gallbladder disease in users 
of OC's and estrogens. in one study, increased nsk appeared after 2 years use and doubied after 4 or 5 
years’ use. In one of the other studies, increased risk was apparent between 6 and 12 months’ use. 
7 Carbohydrate and Lind Metaboic Fifects~-Decrease in glucose tolerance has been observed m a 
signiicant percentage of patients on OC's. For this reason, prediabetic and diabete patients shouid be 
carefully observed while on OC's. Increase in trglycendes and total phospholigids has been observed in 
patients an OC's, chimcal significance of this finding remains to be defined. 
8 Flevated Biod Pressure increase in blood pressure has been reported in patents on OC's. In same 
women, hypertension may occur withun a few months of beginning OC's. in the Ist year of use. prevalence 
of women with hypertension os low in users and may be no higher than that of a comparable group of 
nonusers. Prevalence in users increases, however, with longer exposure, and in the Sth year cf use is 242 
to 3 times the reported prevalence in the Ist year Age is also strongly correlated with development af 
hypertensian ir OC users. Women who previously have had hypertension during pregnancy may be more 
likely to develop elevation of blood aressure on OC's. Hypertension that deveigos as a result of taking O'S 
usually returns to normal after discontinuing the drug. 
9. Headache -Onset or exacerbation of migraine or development of headache of a new pattern which 15 
recurrent, pers stent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding frreguiarites.-- Breakthrough dieedmg. spotting, and amenarhea arg fraquent reasons lor 
patients discortinuing OC's. In breakthrough bieeding, as in all cases of srregular vaginal bleeding, nor 
funchonal causes should be borne im mut. 
in undiagnosed persistent or recurrent abnormal bleeding from the vagina. adequate chagnosic measures 
are indicated fo rule aut pregnancy of malignancy If pathology has been excluded, Ume or change to 
another OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially 
useful in minimizing menstrual wreguiarity, should be done only if necessary. since this may increase risk 
of thromboemboha disease. Women with past histary of ahpomenorrhea or secondary amenormea of young 
women witou! regular cycles may have a tendency to remain anovulatory of to become amenornrherc: after 
discantinuimg OC's. Women with these pre-existing problems should be advised of this possibilty and 
encouraged to use other methods. Post-use anovulation, possibly prolonged, may also occur in women 
withaut previous irregulantes. 
ll fotopit Pregnancy --Ectopic as well as mtrautenne pregnancy may occur m Contraceptive fadures. 
12 Breastfeeding OC's given in the postpartum period may interfere with lactation and decrease quantity 
and quality of oreast milk. Furthermore, a smali fraction af the hormones in OC's has been identified in the 
milk of mothers on OC's, effects, d any, on the oreast-fed chid have not been determmed., If feasible, defer 
OC's unti infact has heen weaned. 
Precautions GENERAL—1. A complete medical and famiy history should be taken pror fo immiation of 
OC's. Pretreatment ang oenodic physical examinations should include speciai reference to Olood pressure. 
oreasts, abdomen and pelvic organs. including Pap smear and relevant laboratory tests 
As a general rule OC's should not be prescribed for longer than | year without another physica examination. 
2? Under -nficence of estrogen progestogen preparations. pre-existing utenne leomyamala May increase 
iF size. 
3. Patients wth history of psychic. depression should be carefully observed and ine drug discontinued 
depression recurs to a serous degree. Patients becoming significantly depressed while on OC's should 
ston OC's and use an alternate method to try to determine whether the symotant is drug-related. 
å OC's may cause some degree of finid retention. They should be prescribed with caution, and only wih 
careful monitoring, in pakents with conditions which might be aggravated by fluid retention, such as 
convulsive disorders, ragraine syndrome, asthma, or cardiac ar renal insufficiency. 
5 Patients wih a past history of jaundice during pregnancy have an increased risk of recurrence while on 
OC's. # aundice develops, OC's should be discontinued. 
6 Steroc hormones may be poorly metabolized in patents with impaired kver tunokon and should be 
adrranistered with caubon. 
7 OC users may have disturbances in normal tryptophan metabolism which may result in a relative 


9. The patho ogist should be advised of OC therapy when relevant! specimens are submitted. 


ing GC's: a increased sulfobromophthalein retention b. Increased prothrombin and factors VIL VHI iX, 
and X: decreased antithrombin 3: increased norepinephnne-induced platelet agegregabiity c. increased 
thytoid-binding globulin (TBG} leading to increased circulating tofal-thyrad hormone, as measured by 
protem-bourd iodine (PBL), T4 by column. or T4 by rachiormmunoassay. Free T3 resin uptake 1s decreased, 
reflecting the elevated TBG. free T4 concentration 1s unaltered. d. Decreased pregnanediol excretion. 
e, Reduced esponse to metyrapone test 

information for the Patient ...See Patient Package Labeling. 

Drug interactions- Reduced efficacy and increased incidence of breakthrough Dieeding have been asso- 
ciated vith concomutant use of riamoin. A salar association has been suggested wiih barbiturates. 
phenylbutazone, phenytom sodium, amorcadlit and tetracyciine. 

Carcinogenesis See Warnings on carcinogenic potential of OC's. 

Pregnancy. Category X. See Contraindicatians, Warnings. 
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optie neunte, 

The following adverse reachons have been reported im patents on OC's and are believed to be drug-related. 
Nausea and/or vomiting, usually the mast common adverse reactions. occur i approximately 10 percent 
of less of patients during the first cycle Other reachans, as a general rule, are seen much less frequently 
or only occasionally Gastrointestinal symptoms {such as abdominal cramps and bioating). breakthrough 
bleeding, spotting, change in menstrual flow, dysmenorrhea, amenorrhea during and atter treatment, 
temporary nfertity afler ciscootinuance of treatment, edema, chinasms or melasma which may persisti 
breast Changes: tenderness, enlargement, and secretion: change in weight Gncrease or decrease}, charge 
in cervical erosion and cervical secretion: possimle diminution n lactation when given immediately postpar 
tum. cholestatic jaundice: migraine; increase in size of uterine lelomyamata. rash fallergic), mental depres- 
sion: reduced tolerance to carbohydrates: vaginal candidiasis, change im cormeal curvature (steepening), 
nigherance tg cantact lenses. 

The following adverse reactions have been reported in users of OC's, aad the association has been nether 
confirmed nor refuted. premenstrual-like syndrome, cataracts, changes in horlo, chorea, changes in apre- 
ute, cyshtis-like syndrome, headache. nervousness, dizziness, hirsutism, loss of scalp haw erythema muk 
Homme, erethema nodosum, hemorrhagic eruption, vaginitis. parphyra. 
Acute Overdose Serious ii effects have not been reported following acute ingestion of lame doses of OC's 
by young children. Overdosage may cause sausea, and withdrawal bleeding may occur HY females. 


@ each tabiel cantams 
LOIOVRAL 0.3 mg norgestrel with 
0.03 mg ethiny! estradini. 
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NEW! 
MEDICAL DISORDERS IN 


OBSTETRIC PRACTICE 


Edited by Michael de Swiet, M.D., 
F.R.C.P.; with 9 contributors. 

“The fact that two lives are at risk, 
and the varying physiology during the 
course of pregnancy and post partum 
make the bravest of us need a source 
of help and instruction. The book 
edited by Michael de Swiet fulfills this 
role admirably . . . the book as a 
whole is excellent and highly recom- 
mended. It is a book to buy.” (The 
Lancet) 

See the book that spons the field.: 
From breathlessness in pregancy to 
management of drug dependent 
pregnant women, it covers the entire 
gamut of medical disorders in your 
OB patients. You'll find the latest 
details on such problems as auto- 
immune hemolytic anemia and SLE, 
amniotic fluid embolism, treatment of 
acute or chronic thromboembolism, 
treatment of heart failure and dys- 
rhythmias during pregnancy, pre- 
eclampsia and its complications, 
acute renal failure and septic shock, 
systemic lupus erythematosus, 
obstetric management of diabetes, 
endemic goiter, acute adrenal failure, 
metabolic bone disease, myasthenia 
gravis, and much more! 

"The physiology of the pregnant 
woman is so altered, and the con- 
straint of the welfare of the fetus is so 
important, that. . . the two widely 
different fields of obstetrics and 
medicine are needed... . . | hope 
that the obstetrician who may not 
always have optimal support, will find 
practical answers to his medical 
problems here.” (Michael de Swiet, 
from the Preface) 

1984. 534 pages, 53 illustrations. 
(B-1263-2) Mosby distributes this 
Blackwell Scientific Publication. 


$58.95. 


Save time, call FREE: 
1-800-345-8500, ext. 15. 

Our hotline is open 24 hours a day, 
7 days a week. 
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and Cenada, please pay by check or money order in dollar equivalent. ALL PRICES SUBJECT TO 
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in addition to those listed on the front cover 
the Journal is the official publication 


of the following societies 


NEW YORK OBSTETRICAL SOCIETY 
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BROOKLYN GYNECOLOGICAL SOCIETY 
ST. LOUIS GYNECOLOGICAL SOCIETY 
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NEW YORK GYNECOLOGICAL SOCIETY 
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PREMARIN RELIEVES MODERATE TO SEVERE VASOMOTOR SYMPTOMS 

Vasomotor symptoms are the most common manifestation of the menopause, affecting up to 75% of 
menopausal women. Of these, 80% may suffer for more than a year and up to 50% for more than five years’ 
These symptoms can disrupt a woman's life by chronically interrupting sleep, resulting in anxiety and 
irritability. 

In a study of postmenopausal women suffering severe episodes of cutaneous flushing, symptoms 
improved markedly after administration of estrogen?—the treatment of choice for moderate to severe vaso- 
motor symptoms? The estrogen of choice is PREMARIN, the most widely prescribed estrogen for over 40 
years. PREMARIN (Conjugated Estrogens Tablets, U.S.P.) relieves moderate to severe vasomotor symptoms 
of the natural menopause, as well as the acute and often severe symptoms of surgical menopause. 


PREMARIN 


(CONJUGATED ESTROGENS TABLETS. U.SP) 
oo. © ©@ 


03mg 0625mg 09mg 1.25 mg 2.5mg 


Please see last page for brief summary of full prescribing information. 


VAGINAL ATROPHY THAT 
INTERFERES WITH SEXUALITY 
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PREMARIN RESTORES THE VAGINAL ENVIRONMENT 
In the postmenopausal woman, decreasing levels of estrogen can have devastating effects on a woman's 
sexual functioning. The pH of vaginal secretions rises, promoting the growth of contaminating organisms. 
The vaginal epithelium dries and thins, becoming susceptible to irritation, injury, and infection. Sexual rela- 
tions may be difficult or impossible. 

PREMARIN (Conjugated Estrogens, U.S.P.) Vaginal Cream focuses therapy at the site of the problem. 
Vaginal dryness is relieved, pH reverts to its normal acidity, and the epithelium thickens and becomes more 
resistant to injury and infection. With the vaginal environment returned to its premenopausal state, sexual 


function may improve. 





PREMARIN 





















and after the menopause 


(CONJUGATED i scones u. S.P.) Vaginal Cream 


Please see last page for brief summary of full prescribing information. 


0.625 mg/g 





POSTMENOPAUSAL BONE 
LOSS THAT IN CAPACITATES 


Effect of PREMARIN® on bone mineral « trite 
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PREMARIN MAY HALT THE DISABLING COURSE OF OSTEOPOROSIS * 


Osteoporosis has an enormous epidemiological impact: it affects 10 million American women, and 26% of 
all women over age 605 The disease begins silently and progresses inexorably for 15 to 20 years, until dis- 
abling complications occur.° 

To minimize osteoporotic damage, the condition must be detected early and treated promptly. For 
many patients, PREMARIN is optimal therapy for osteoporosis, as part of a comprehensive program that 
includes exercise, good nutrition, and calcium supplements. In a controlled study of postmenopausal and 
oophorectomized women, PREMARIN (Conjugated Estrogens Tablets, U.S.P.) doses of 0.625 mg/day pre- 
vented loss of metacarpal mineral content (see graph above). 


PREMARIN 


(CONJUGATED ESTROGENS TABLETS. U.S.P) 


S du | 














0.3 mg 0.625mg 09mg 1.25 mg 2.5 mg 


*Conjugated Estrogens Tablets have been evaluated as probably 
effective for treating estrogen-deficiency-induced osteoporosis. 


Please see last page for brief summary of full prescribing information. 





poe PREMARIN” Brand of Conjugated Estrogens, U.S.P Vaginal Cream in a nontiquefying base 





BRIEF: SUMMARY (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION, SEE 


~~ PACKAGE CIRCULAR}: 


PREMARIN® Brand of Conjugated Estrogens Tablets, U.S. P 









L ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL 
| CARCINOMA, 

. Three independent case control studies have reported an increased risk of endometrial cancer 
in postenepausal women exposed to exogenous estrogens for more than one year This risk 
was independent of the other Known risk factors for endometnal cancer. These studies are 
further supported by the finding that incidence rates of endometrial cancer have increased 
‘sharply since 1969 in eight different areas of the United States with population-based cancer 
reporting systems, an increase which may be related to the rapidly expanding use of estrogens 
during the last decade. The three case control studies reported that the risk of endometrial 
cancer in estrogen users was about 4.5 to 13.9 times greater than in nonusers. The risk appears 
to depend on both duration of treatment and on estrogen dose. in view of these findings, wher 
estrogens are used for the treatment of menopausal symptoms, the lowest dose that will cantrot 
symptoms shouid be utilized and medication should be discontinued as soon as possible. 
When prolonged treatment is medically indicated, the patient should be reassessed on at least a 

_ SeMiannual basis to determine the need for continued therapy. Although the evidence must be 
considered preliminary, one study suggests that cyclic administration of low doses of estrogen 
May Carry less risk than continuous administration: it therefore appears prudent to utilize sucha 
regimen. Close clinical surveillance of all women taking estrogens is important. In all cases of 
undiagnosed persistent or recurring abnormal vaginal bleeding, adequate diagnostic mea- 
sures should be undertaken to rule out malignancy There is no evidence at present that 
“natural” estrogens are more or less hazardous than “synthetic” estrogens at equiestrogenic 
doses. 

Z. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY 

The use of female sex hormones, both estrogens and progestogens, during early pregnancy 
May seriously damage the offspring. It has been shown that females exposed in utero to 
diethyistiibestroi, a non-steroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated 
as not greater than 4 per 1006 exposures. Furthermore, a high percentage of such exposed 
women (from 30 to 90 percent) have been found to have vaginal adenosis, epithelial changes of 
the vagina and cervix. Although these changes are histologically benign, itis not known whether 
they are precursors of malignancy Although similar data are not available with the use of other 
estrogens, it Cannot be presumed they would not induce similar changes. Several reports 
suggest an association between imrauterine exposure to female sex hormones and congenital 
anomalies, including congenital heart defects and limb reduction defects. One case control 
study estimated a 4. /-fold increased risk of limb reduction defects in infants exposed in utero to 
sex hormones (oral contraceptives, hormone withdrawal tests for pregnancy, or attempted 
treatment for threatened abortion). Some of these exposures were very short and involved only 

a few days of treatment. The data suggest that the risk of limb reduction defects in exposed 
fetuses is somewhat less than | per 1000. In the past, female sex hormones have been used 
during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well 
controlled studies that progestogens are effective for these uses. If PREMARIN is used during 
pregnancy, or ifthe patient becomes pregnant while taking this drug, she should be apprised of 

the potential nsks te the fetus, and the advisability of pregnancy continuation. 











































DESCRIPTION: PREMARIN (Conjugated Estrogens, U.S.P)} contains a mixture of estrogens, 
obtained exclusively from natural sources, blended to represent the average composition of material 
derived from pregnant mares’ urine. it contains estrone, equilin, and 17a-dihydroeaquilin, together 
with smaller amounts of 17a-estradiol, equilenin, and l7a-dihydroequilenin as salts of their sulfate 
esters. 





INDICATIONS: Based on a review of PREMARIN Tablets by the National Academy of 
sciences — National Research Council and/or other information, FDA has classified the 
indications for use as follows: 

Effective: |. Moderate to severe vasomotor symptoms associated with the menopause. (There 
_ iS mo evidence that estrogens are effective for nervous symptoms or depression without 
“associated vasomotor symptoms, and they should not be used to treat such conditions.) 

2. Atrophic vaginitis 

3. Kraurosis vuivae 

4. Female hypogonadism 

5. Female castration 

6. Primary ovarian failure 

7 Breast cancer (for palliation only) in appropriately selected women and men with 
metastatic disease. 

8. Prostatic Carcinoma -~ palliative therapy of advanced disease. 

3. Postpartum breast engorgement — Although estrogens have been widely used for the 
prevention of postpartum breast engorgement, controfied studies have demonstrated that the 
incidence of significant painful ergorgementin patients not receiving such hormonal therapy is 
low and usually. responsive to appropriate analgesic or other supportive therapy Consequently, 
the benefit to be derived from estrogen therapy for this indication must be carefully weighed 
against the potential increased risk of puerperal thramboembolism associated with the use of 
large cases of estrogens. 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING 
feared AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
~ WARNING). 

“Probably” effective: For estrogen deficiency-induced osteoporosis, and only when used in 

conjunction with other important therapeutic measures such as diet, calcium: physiotherapy, 

and good generai health-promot-ng measures, Final classification of this indication requires 
further investigation. 


























INDICATIONS: PREMARIN (Conjugated Estrogens, U.S.P} Vaginal Cream is indicated in the 
treatment of atrophic vaginitis and xraurosis vulvae. PREMARIN Vaginal Cream HAS NOT BEEN 
SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREGNANCY AND ITS USE MAY CAUSE 
SEVERE HARM TO THE FETUS (SEE BOXED WARNING). 

CONTRAINDICATIONS: Estrogens should not be used in women {or men) with any of the following 
conditions: L Known or suspected cancer of the breast except in appropriately selected patients 
being treated for metastatic disease. 2 Known or suspected estrogen-dependent neoplasia. 
3, Known of suspected pregnancy (See Boxed Warning). 4. Undiagnosed abnormal genital bleeding. 
5. Active thrombophlebitis or thromboembolic disorders. 6. A past history of thrombophlebitis, 
thrombosis, or thromboembolic disorders associated with previous estrogen use (except when used 
in treatment of breast or prostatic malignancy). 

WARNINGS: Long term continuous administration of natural and synthetic estrogens in certain 
animal species increases the frequency of carcinomas of the breast, cervix, vagina, and liver There 
are now reports that estrogens increase the risk of carcinoma of the endometrium in humans. (See 
Boxed Warning.) At the present time there is no satisfactory evidence that estrogens given fo 
postmenopausal women increase the risk of cancer of the breast, although a recent study has raised 
this possibility. There is a need for caution in prescribing estrogens for women with a strong family 
history of breast cancer or who have breast nodules, fibracystic disease, or abnormal mammograms, 
A recent study has reported a 2- to 3-foid increase in the risk of surgically confirmed gallbladder 
disease in women receiving postmenopausal estrogens, 

Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used to treat 
prostatic or breast cancer or postpartum breast engorgement: it has been shown that there is an 
increased risk of thrombosis in men receiving astrogens for prostatic cancer and wamen for 
postpartum breast engorgement. Users of oral contraceptives have an increased risk of diseases. 
such as thrombophlebitis. pulmonary embolism, stroke, and myocardial infarction. Cases of retinal 
thrombosis, mesenteric thrombosis. and optic neuritis have been reported in oral contraceptive 
users. An increased risk of postsurgery thromboembolic complications has also been reported in 
users of oral contraceptives. If feasible, estrogen should be discontinued at least 4 weeks before 
Surgery of the type associated with an increased risk of thramboembolism, or during periods of 
prolonged immobilization. Estrogens should not be used in persons with active thrombophlebitis, 
thromboembolic disorders, or in persons with a history of such disorders in association with estrogen 
use. They should be used with caution in patients with cerebral vascular or coronary artery disease. 
Large doses (5 mg conjugated estrogens per day). comparable to those used to treat cancer of the 
prostate and breast have been shown to increase the risk of nonfatal myocardial infarction, 
































thromboembolic and thrombotic adverse effects shouid be considered a clear risk uf 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain a 
tenderness, abdominal mass, or hypovalemic shock. Hepatocellular Carcinoma has been reap 
women taking estrogen-containing oral contraceptives. Increased blood pressure may ace 
use of estrogens in the menopause and blood pressure shouid be monitored with estrogeni 
worsening of glucose tolerance has been observed in patients on estrogen-containing oval co 
lives. For this reason, diabetic patients should be carefully observed. Estrogens may lead te 
hypercalcemia in patients with breast cancer and bone metastases. oe he 
PRECAUTIONS: Physical examination and a complete medical and family history should be.take 
prior to the initiation of any estrogen therapy with special reference to blood pressure, Srea 
abdomen, and pelvic organs, and should include a Papanicolau smear As a general rule, es 
should net be prescribed for longer than one year without another physical examination te: 
performed. Conditions influenced by fluid retention such as asthma, eplensy, migraine, and cardia 
or renal dysfunction, require careful observation. Certain patients may develop manifestatiaris o 
excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding, mastodynia atc 
Prolonged administration of unopposed estrogen therapy has been reported to increase the rig 
endometrial hyperplasia in some patients. Oral contraceptives appear to be associated with, 
increased incidence of mentai depression. Patients with a history of depression should be Careiuily: 
observed. Preexisting uterine leiomyomata may increase in size during estrogen use. The patholagis 
shouid be advised of estrogen therapy when relevant specimens are submitted. Hiaundice develop 
in any patient receiving estrogen, the medication should be discontinued while the CAUSE: 
investigated. Estrogens should be used with care in patients with impaired iiver function, rena 
insufficiency, metabolic bone diseases associated with hypercalcemia, o in young patents in wher 
bone growth is not complete. 

The following changes may be expected with larger doses of estrogen: 

a. increased sulfobromophthalein retention. on 

b increased prothrombin and factors Vi, Vil, IX, and X: decreased antithrombin $ incre 
norepmephrine-induced platelet ageregability DART 

c. Increased thyroid binding globulin (TRG) leading to increased circulating total thyroid hormiori 
as measured by PBI, T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased 
reflecting the elevated TBG; free 74 concentration is unaltered. 2 <% 

d. impaired glucose tolerance. 

e. Decreased pregnanedioi excretion. 

E Reduced response to metyrapone test. 

g Reduced serum folate concentration. - ss 

h. increased serum triglyceride and phospholipid concentration. : 


pulmonary embolism and thrombophlebitis. When doses of this size are used, any of th 














As a general principle, the administration of any drug to nursing mothers should be dane only wher. 
Clearly necessary since many drugs are excreted in human miik. ge 
ADVERSE REACTIONS: The following have been reported with estrogen therapy moluding ora 
contraceptives: breakthrough bleeding, spotting, change in menstrual flow, dysmenorrhgi 
premenstrualdike syndrome; amenorrhea during and after treatment; increase in size of yt ny 
fibromyomata: vaginal candidiasis. Change in cervical erosion and in degree of cervical secretion 
cystitis-lke syndrome; tenderness, enlargement. secretion (of breasts): nausea, vomiting, abdomv 
nal Cramps, bloating; cholestatic jaundice; chloasma or melasma which may persist when drug B 
discontinued: erythema multiforme; erythema nodosum, hemorrhagic eruption; loss of scalp Rain | 
hirsutism; steepening of corneal curvature; intolerance to contact lenses: headache, Migraine 
dizziness, mental depression, chorea: increase or decrease in weight. reduced carbohydrat: 
tolerance, aggravation of porphyria: edema; changes in libido. 
ACUTE OVERDOSAGE: May cause nausea, and withdrawal bleeding may occur in females. 
DOSAGE AND ADMINISTRATION: 

PREMARIN” Brand of Conjugated Estrogens Tablets, U.S.P be 
1. Given cyclically for short-term use only. For treatment of moderate to severe vasomotor symiptor 
atrophic vaginitis, or kraurosis vulvae associated with the menopause (0.3 to 1.25 mgor more daily) 

The lowest dose that will contro! symptoms should) be chosen and medication should bs 
discontinued as promptly as possible. 

Administration should be cyclic (e.g., three weeks on and one week off}. p 

Attempts to discontinue or taper medication should be made at three to six month intervals, 

2. Given cychcally. Female hypogonadism. Fermate castration. Primary ovanan failure. Osteapora 
Sis, 

Female hypogonadism — 2.5 to 75 mg daily, in divided doses for 20 days. followed by a rest paring 
of lO days duration. if bleeding does not occur by the end of this period, the same dosage scheduie } 
repeated, The number of courses of estrogen therapy necessary to produce bleeding may Ve 
depending on the responsiveness of the endometrium. i 

If bleeding occurs before the end of the 10 day period, begin a 20 day estrogen- progestin cyt 
regimen with PREMARIN (Conjugated Estrogens Tablets. U.S Ph 2.$10 7.5 mg daily ndivded das 
for 20 days. During the last five days of estrogen therapy, give an oral progestin. If bleeding otturg.- 
before this regimen is concluded, therapy is discontinued and may be resumed on the fifth day of = 
bleeding. So 8 

Female castration and primary ovarian failure —125 mg daily cyclical Adjust upwards 
downward according to response of the patient. For maintenance, adjust dosage to lowest level fia 
wil provide effective control. By 

Osteoporosis (to retard progression) -- 1.25 mg daily cyclically a 

3. Giver for a few days: Prevention of postpartum breast engorgement ~ 3.74 mg every four hours. 
for five doses. or 1.25 mg every four hours for five days. pee 

4. Given chronically: Inoperable progressing prostatic cancer--1 25 to 2.5 mg three times daily 

inoperable progressing breast cancer in appropriately selected men and postrrenopause 
women — 10 mg three times daily for a period of at least three months. oh ee 

Patients with an intact uterus should be monitored for signs of endometrial cancer and appropria 
Measures laken to rule out malignancy in the event of persistent or recurring abnormal vag 
bleeding. : 
PREMARIN? Brand of Conjugated Estrogens, U.S.P Vaginal Cream aie 
Given cyclically for short-term use only. For treatment of atrophic vaginitis or kraurosis vulvae. 

The lowest dose that wil control symptoms should be chosen and medication shoutd | Eoi 
discontinued as promptly as possible. aon 

Administration should be cyclic (e.g., three weeks on and one week off}. 

Attempts to discontinue or taper medication should be made at three to six month intervals. 

Usual dosage range: 2 to 4 g daily, intravaginally or topicaily, depending on the severity of thes 
condition. ie 

Treated patients with an intact uterus should be monitored closely for signs of endometrial canner” | 
and appropriate diagnostic measures should be taken to rule out malignancy inthe event of persistant 


































PREMARIN (Conjugated Estrogens. USP} Vaginal Cream —No. 872 -Each gram comaing 
0.625 mg Conjugated Estrogens. US.P (Also contains cetyl esters wax. cetyl alcohol. white wa 
glyceryl monostearate. propylene glycol monostearate. methyl stearate. phenylethy! aico, sodiu 
lauryl sulfate, glycenn, and mineral oil) ee 

Combination package: Lach contains Net Wt Do oz. (42.5 g) tube with one cakbrated piast 


applicator eo 
Also Avadable - Refill package: Each contains Net Wt. 1% oz. (42.5 g) tube. 4340/285 
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© ADVANTAGES 
IN AFIRST-LINE 
PARENTERAL 
ANTIBIOTIC 


Infection in the hospitalized patient often calls for the immediate 
intervention of empiric antibiotic therapy. While awaiting culture and 
sensitivity results; first-line CEFOBID therapy can provide significant 
advantages for the patient, the physician, and the hospital: 





5. dual pathway of excretion—no 
adjustment generally required in 
usual dosage for patients with renal 


1. excellent clinical effectivenesst 


2. the broadest in vitrot 
cephalosporin spectrum—with 


activity against almost all clinically 


or hepatic impairment 


relevant organismss§, including 6. excellent safety profile and well 
Pseudomonas aeruginosa, tolerated. CEFOBID is 
Enterococcus, and Bacteroides contraindicated in patients with 
fragilis known allergy to the cephalosporin 

3. high peak serum levels class of antibiotics. 

4. therapeutic concentrations ina 7. b.i.d. dosing for all indications— 
variety of tissues and body fluids. usual adult dosage is 1 to 2g q12hf 
Body fluid levels and tissue 8. substantial administration cost 


penetration are regarded as 
essential to therapeutic efficacy, 
but specific body fluid ana tissue 
levels have not been correlated 
with specific therapeutic effects. 


savings because of b./.d. regimen! 


M/V 
qi2n 





CEFOBID::: 


celooerazone sodium 


1g and 2g vials 


* Pending results of susceptibility studies, therapy with CEFOBID may be 


A ++ —+ 


— 


initiated; however, treatment should be adjusted according to bacteriologic findings. 

In infections due to susceptible strains of indicated organisms. 

In vitro susceptibility does not necessarily imply a correlation with in vivo results. 

Based on PDR, 1984; Manufacturer's Prescribing Information. 

In severe infections, or infections caused by less sensitive organisms, the total daily dose and/or frequency may 
be increased. Patients have been successfully treated with a total daily dosage of 6 to 12 grams divided into two, 
three, or four administrations ranging from 1.5 to 4 grams per dose. 


. Carlin HS, Romankiewicz J: The impact of dosage regimen on intravenous drug cost. Scientific Exhibit, 


American Society of Hospital Pharmacists, New Orleans, Dec 6-10, 1981. 


Please see CEFOBID® brief summary on next page. 
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CEPHALOSPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT S$ l 01 To 


SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. . “TLSDODY EAD TUC 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PA- DR THERAPY FOR THE 


Hay Yo DAS Sa UTETE W PRS UREA ON aa 
LY TO DRUGS. SERIOUS ALUTE IVITY REACT e MODALITY — Battery operated device uses no chemicals. Tap water 
a aI a Ne SP BCUTANEDUS EPINEPHRINE AND OTHER wetted pads are applied to treatment areas. Four to ten treatments will 
PSEUDOMEMBRANOUS COLITIS HAS BEEN-REPORTED WITH THE inhibit excess sweat for six week periods. | 
USE OF CEPHALOSPORINS (AND OTHER BROAD-SPECTRUM ANTI- © SAFETY & EFFICACY — Repeated studies confirm safety and 
BIOTICS), THEREFORE, IT IS IMPORTANT TO CONSIDER ITS DIAGNOSIS efficacy.* Published clinical study available on request. Product 
tee WHO DEVELOP DIARRHEA IN ASSOCIATION WITH ANTI- includes sweat test paper. Long term (over 12 years) hospital use of ion- 
PRECAUTIONS: Although transient elevations of the BUN and serum tophoretic piv recorded is England.’ ; Bite 
creatinine have been observed, CEFOBID alone does not appear to cause e MECHANISM — Biopsies reveal hyperkeratotic plugs within sweat 
el ati nephrotoxicity dans concomitant tenets of ami- ducts as result of treatment current? 
noglycosides and other cephalosporins has caused nephrotoxicity. 
CEFOBID is E r in A a half-tite of WIDE APPLICATION 
C is increased 2-4 fold in patients with hepatic disease and/or Hyperhidrosis may predispose to local infections with fungi, bacteria 
biliary obstruction. in general, totai daily dosage above 4 g should not ; : f , gi, bacteria or 
be necessary in such patients if higher dosages are used, serum con- Mahara Excess sweat presents a social disadvantage, economic 
centrations should be monitored. urden and a handicap in occupations and sports. 
cons CUREK SMALL OG patenis eli 
BID (see CLINICAL \COLOGY), patients with renal failure References: 1. Morgan K: Physiotherapy 66:45, 1980. 2. Sheliey WB et al: J invest I 275-2914 uriay HS: 
require no adjusiment in dosage when usual doses are administered i MEGS Sl sede Demure) vel Cee WA Suie OIE A Sins Wa Pecdcee . 
When high doses of CEFOBID are used, concentrations of drug in the Sermatotogy t{.Phila.,1974. WB Sauaders.p.256. "an file, Ganeral Medical Co. ‘ 
serum ue monitored pertodicaily. 4 oe of accumulalion ex- . 198s Gen MEDOS 
ists, dosage should be decreased accordingly. 
The half-life of CEFOBID is reduced slightly during hemodialysis. By prreripion only pocnaa pads on h i Available direct 
Thus. dosing should be scheduled to follow a dialysis period. In patients rom manufacturer exclusively. ecommende for home use. 
with both hepatic dysfunction and significant renal disease. CEFOBID De re se ne npn O a a ene E 
dosage shouid nat exceed 1-2 g daily without close monitoring of serum | | GENERAL MEDICAL CO. Dept. AOG-3 
concentrations. : 
As with other antibiotics, vitamin K deficiency bas occurred rarely in 1935 Armacost Ave., Los Angeles, CA 90025 
_ patients treated with CEFOBID. Those al risk include patients with a poor Specify © HANDS C]UNDERARMS [1] FEET 
-nutritional status, malabsorption states (e.g. cystic libresis}, alcohol- Drionic: $100 ea. pr.. $100 ea. pr. $190 ea. pr. 


_ ism, and patients on prolonged hyper-alimentalion regimens (adminis- j 45 DAY MONEY BACK GUARANTEE 


_lered either intravenously oF via a naso-Qastric tube) Prothrombin Ume 
should be monitored in these patients and exogenous vitamin K admin- 


‘iStered as indicated. | Name (Please Print) 

















A disulfiram-like reaction characterized by flushing, sweating. head- 
ache, and tachycardia has been reported when alcohol (beer. wine) was | Address j Apt__- 
ingested within 72 hours after CEFOBID administration. Patients shouid | Ci Stat Zi 
be cautioned about the ingestion of alcoholic beverages following the ly state___.___. 4p ine 
administration of CEFOQBID. A similar reaction has been reported with Check M.O. enclosed. (Cal. residents add 6% sales tax) 
other cephalosporins. | E 
Prolonged use of CEFOBID may result in Ihe overgrowth of nonsus- CiMasterCard/Visa# oO 
ceptible organisms. Careful observation of the patient is essential 
CEFOBID should be prescribed with caution in individuals with a his- Exp. date Signature eee 
tory of gastrointestinal disease, particularly cotitis. . 
Drug Laboratory Test interactions: A false-positive reaction far glu- i Physician's signature Cee a OR LOR NT NN | 
amum ROR CRO ORDO GER SETRA CERE CEOE CDE Ga PE EPETRG CONA ESOR n ae l rennene 


cose in the urine may occur with Benedict's or Fehling s sclution. 
Carcinogenesis, Mutagenesis, impairment of Fertility: The max:- 
mum duration of CEFOBID animal foxicily studies is six months. in none 
of the in vivo ot in vitro genetic toxicology studies did CEFOBID show 
any mutagenic potential at either the chromosomal of subchromosomal 
ievel, CEFOBID produced no impairment of fertility and had no effects on 
general reproductive performance or jetal development when adminis- 
tered subculaneousty al daily doses up fo 500 ta 1000 mg/kg prior to and 
during mating. and to pregnant female rats during gestation. These 
doses are 10 to 20 times the estimated usual single clinical dose. 
Usage in Pregnancy: Pregnancy Category 8: Reproduction studies 
have been performed in mice, rats, and monkeys al doses up to 10 times 
the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to CEFOBID. There are. however, no adequate and 
well controlled studies in pregnant women Because animal reproduc- 
tion studies are not always predictive of human response, this drug 
should be used during pregnancy only df clearly needed. 
Usage in Nursing Mothers: Only iow concentrations of CEFOBID are 
excreted in human milk. Allhough CEFOBID passes poor'y inte breast 
miik of nursing mothers, caution should be exercised when CEFOBID is 
administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: in clinical studies the following adverse effects 
were observed and were considered to be related to CEFOBID therapy or 
-uncertain eliclogy: . . 
Hypersensitivity: As with ail red tear te hypersensitivity mani- 
=o fested by skin reactions (1 patient ie 45}. drug fever (1 in 260). ora 
change in Coombs’ test (1 in 60) has been reported. These reactions are 
more Nei to oceut in-patients with a history of allergies. particularly to 
penicillin. 
~o. Hematology: As with other bela-lactam antibiotics, reversible neutro- 
penia may occur with prolonged administration. Slight decreases in 
neutrophil coun! (1 patient in 50) have been reported. Decreased hemo- 
globins (1 in 20) or hematocrits (1 in 20) have been reported, which ts 
consistent with published literature on other cephalosporins. Transient 
eosinophilia has occurred in 1 patient in 10. l 
Hepatic: Of 1285 patients treated with cefoperazone in clinical trials one 
patient with a history of liver disease developed significantly elevated 
fiver function enzymes during CEFOBID therapy. Clinical signs and 
symploms of nonspecific hepatitis accompanied these increases. After 
CEFOBID therapy was discontinued, the patient's enzymes returned to 
pre-treatment levels and the symptomatology resolved. As wilh other an- 
ubiatics that achieve high bile levels, mild transient elevations of fiver 
function enzymes have been observed in 5~10% of the patients receiv- 
ing CEFOBID therapy. The relevance of these findings, which were not 
- accompanied by overt signs or symploms of hepatic dysiunction, has 
not been established. eS 
Gastrointestinal: Diarrhea or loose stools has been reported in 1 in 30 
patients. Most of these experiences have been mild of moderate in se- 
verily and self-limiting in nature. In all cases, these svmploms re- 
- sponded to symplomatic therapy or ceased when cefoperazone therapy 
was stopped. Nausea and vomiting have been reported rare’y. 
Symptoms of pseudomembranous colitis can appear during or for 
o Several weeks subsequent to antibiotic therapy (see WARNINGS). . 
Renal Function Tests: Transient elevations of the BUN (1 in 16} and 
serum creatinine {1 in 48)-have been noted. 
Local Reactions: CEFOBID is well tolerated following intramuscular 
administration. Oecasianally, transient pain (1 in 140i may follow 
administration by this route: When CEFOBID is administered by intrave- 
e infusion some patients may develop phlebitis (1 in 420) at the in- 
fusion sile. ta, ae 


Obstetrician/ 
Gynecologist- 
An Opportunity is Born 


for an Obstetrician 
Gynecologist to grow. 


The River West Medical 
Center, a brand new, state 
of the art, community 
based health care facility, 
15 minutes from Baton 
Rouge, Louisiana, otfers 
competitive financial 
arrangements, a challeng- 
ing work load of 600+ 
births per year, the 
amenities of a city, and 

a rural atmosphere- 
pertect for the family 
minded. 













































































Write or call: 
John King, Administrator 
River West Medical Center 
1725 River West Drive 
Plaquemine, Louisiana 
70764 

504 687 5693 
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710 North Fairbanks Court, Chicago, IL 60611 
Frederick P. Zuspan, Editor 

me The Ohio State University, Fifth Floor, Means Hall, 
1654 Upham Dr., Columbus, OH 43210 


_ INFORMATION FOR AUTHORS 


Editorial policies 

The requirements for manuscripts submitted to the American 
“Journal of Obstetrics and Gynecology conform to the “Uniform 
Requirements for Manuscripts Submitted to Biomedical Jour- 
nals” established by the International Committee of Medical 
Journal Editors and published in Annals of Internal Medicine 


A _.1982;96(6):766-71. Certain requirements unique to our JOURNAL 


are provided in Information for Authors, published in each issue of 
the JOURNAL, and in more detail in the Guide to Writing for the 
American Journal of Obstetrics and Gynecology. The latter may 
be obtained from The C. V. Mosby Company or the Editors on 

request, 
_ Manuscripts should be submitted to one of the three Editors as 
follows: (1) Dr. Brewer—-all articles originating from the south- 
eastern quadrant of the United States or Canada and those 
-presented before one of the official sponsoring societies; (2) Dr. 


=> Zuspan—articles from the northeastern quadrant of the United 


= States and Japan, articles written for Clinical Opinion and 


ee Current Development, and Letters to the Editors; (3) Dr. Quilli- 


~gan—articles from the north central. states (including Ohio), 


Amer can Journal of Obstetrics and Gynecolog 


stätes west of the Mississippi, Hawaii, Alaska, and abroad (except 


Japan). 

Most of the provisions of the ERAN Act of 1976 became 
effective on January 1, 1978. Therefore, all manuscripts must be 
accompanied by the following written statement, ‘Signed by one 
author: “The undersigned author transfers all copyright ownership 
of the manuscript [title of article] to The C. V. Mosby Company 
in the event the work is published. The undersigned author 
warrants that the article is original, is not under consideration by 
another journal, and has not been previously published. I sign for 
and accept responsibility for releasing this material on behalf of 
-any and all co-authors.” Authors will be consulted, when possible, 
regarding republication of their material. 

‘When submitting a manuscript, an author should include, if 
applicable, a full statement about all submissions and prior reports 
in any medium that might be regarded as prior or duplicate 
publication of the same or similar work. Articles previously 


z >? published in another language will not be considered. 


Jt is assumed by the Editors that articles emanating from a 


A -particular institution are submitted with the approval: of the 
=: Tequisite authority. Articles dealing with human experimentation. 


that require local institutional approval must have this approval 
prior to submission of the article for publication and it should be 
so indicated in the Methods section. Reports of experiments on 
- animals must indicate which guidelines for the care and use of the 
-animals were followed. 

Statements and opinions expressed in the articles and commu- 


© nications herein are those of the author(s) and not necessarily 


-those of the Editor(s} or Publisher and the Editor(s) and Publisher 
disclaim any responsibility or liability for such material. Neither 
_ the Editor(s) nor the Publisher guarantees, warrants, or endorses 
any product or service advertised in this publication, nor do they 


oF guarantee any claim made by the manufacturer of such product or 
Service. 
mee General requirements for TA AA of manuscripts 


` The Original and two good-quality copies of the manuscript and 


l Se three ‘glossy poan of illustrations are required, 
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E. J. Quilligan, Editor 
Department of Obstetrics and Gynecology, University 
of Wisconsin Medical School, 600 Highland Ave., 
Madison, WI 53792- 


Albert B. Gerbie, Associate E ditor 
710 North Fairbanks Court, Chicago, IL 60611 


Manuscripts must be typed double spaced on one ade only.o on 
22 by 28 cm (8 1/2 by 11 inch) white bond ‘paper with 1 inch 2 
margins at top, bottom, and sides. Number pages consecutively. in i 
the upper right-hand corner in the- following order: title page, ; 
abstract, body of text, references, legends, and tables. T 

Title page. The title page should contain in sequence the title: 
(concise and suitable for indexing purposes); author line with first. 
name, middle initial, and last name of all authors and their highest 
academic degree (both M: D. and Ph.D. are acceptable); city(iés), 
state(s) in which the study was conducted; departmental, division- ~~ 
al, and institutional affiliations at the time the study was. pers. 
formed; acknowledgement of source(s) of support; presented line - 
if applicable; disclaimers, if any; name and address of author tò ~ 
whom requests for reprints should: be addressed: (if reprints wilh 0.) 
not be available, it should be so stated): and name and address of oo 0 
author responsible for. correspondence concerning the manuscript” 
if different from author to whom reprint requests are addressed. 
At the bottom of the title page supply a short title for the running, 
head not exceeding 52 characters (including word spaces}. 

Abstract page and key words/phrases. On manuscript page- two. 
is the abstract, also typed double spaced with the required margins. 
and headed by the title of the article and author(s) name. ies 
Abstracts for regular articles, Current Investigation, Clinical ; 
Opinion, and Current Development may not exceed 150 words. — Ses 
Abstracts for case reports and brief communications may not 0o00 
exceed 50 words. Below the abstract list 3 to 5 key words or short. 
phrases for indexing purposes. 

Text. Do not hesitate to write your manuscript in the first- 
person, active voice if it is more appropriate to the information you 
wish to convey. The passive voice is generally more effective for 
describing techniques or observations since the emphasis is on the. 

“action” rather than the person performing the action. ae 

Only standard abbreviations are to be used. Consult the Council 
of Biology Editors Style Manual or the AMA’s Manual for : 
Authors and Editors. Abbreviations į in the title are not acceptable. re : 8 
They should be avoided, if possible, in the abstract. In the text 
they should be kept to a practical minimum. The full term: for z 
which an abbreviation stands should precede its first use in the. e 
text unless it is a standard unit of measurement. oo 

Either the generic, chemical, or proprietary names of drugs may ee 
be used. If the generic or chemical name is used, authors may, if = 
they desire, insert the. proprietary name in parentheses after the — 
first mention in the text, with the name of the manufacturer and - | 
city and state. i ; 

Regular articles are customarily demoa into the following | 
sections: an introduction and headings that identify Material and oe 
Methods, Results, and Comment. Authors may wish to summa- : 
rize their findings in a short paragraph at the end of the Comment nes 
section. This format may not be appropriate for some types of 
articles. 

In the introduction, state concisely the purpose and rationale for. 
the study and cite only the most pertinent references as back- 
ground. 

In the Material and Methods section describe briefly (but in 
sufficient detail to permit other workers to evaluate and reproduce 
the results) the plan, patients and /or experimental animals and — 
controls, methods and procedures utilized, and statistical meth- - 
od(s) employed. 



























cin the Results ‘section’ present! the detailed. ndings." Include 
-mentions of all tables and/ or figures. Avoid duplication of text 
and supporting material, Emphasize only your important observa- 
tions; do not compare your observations to those of others. Such 
comparisons and comments are reserved for the Comment sec- 
tion. 

In the Comment section state the importance and significance 
of your findings but do not repeat the details given in the Results 
section. Limit your opinions to those strictly indicated by the facts 
in your report. Compare your findings with those of others. No 
new data should be presented in this section. 

Acknowledgements. Acknowledge only persons who have made 
substantive contributions to the study. 

References. Number references consecutively in the order in 
which they are mentioned in the text. Use the format of the U.S. 
l National Library of Medicine in Cumulated Index Medicus. 
Journal titles should also conform to abbreviations used in 
© Cumulated Index Medicus. 
> Illustrations and tables. A reasonable number of halftone and 
dine illustrations will be reproduced without charge, but special 
-arrangements must be made with the Editors for color reproduc- 
tion: For color photographs, submit original transparencies and 2 


> sets of unmounted prints on glossy paper. For black and white 


: illustrations, submit 3 sets of 5 by 7 inch (8 by 10 inch maximum) 
unmounted glossy photographic prints. Figures must be cited 






sa consecutively in the text in Arabic numerals and identified thusly 
~ on the back of the print (gummed label with author(s) name, title 


of article, ‘number, : and top mar ede early : Do: aper ey 
clips. Legends must accompany : all figures; type double spaced on 





a single sheet of paper if possible and number with manuscriptin 
sequence after. the references. Titles ae be included in the 
legend, aot on the print. ke 

All lettering must be done with ii available paste-on 
letters (or numbers) or by a professional; typed: or freehand = 
lettering is not acceptable. Original drawings, appropriately done . 


in black India ink, roentgenograms, and other material must be N i 
submitted as glossy photographic prints. Illustrations will be 


returned only on the author's request. p 
Tables should be typed on separate sheets of paper and included 
at the end of the text, one to a page. They should be numbered in 
Roman numerals. Each table must be cited in sequence at an 
appropriate point in the text. Captions should be brief yet indicate 


clearly the purpose or content of each table and each column. ; s 


precisely defined by headings. Abbreviations and special designa- 
tions should be explained in a footnote to the table. Special 
arrangements must be made with the Editors for claporate: tables 
because of space limitations. 

Illustrations and tables should supplement, not duplicate, the 
text; presentation in either one or the other will suffice. | 

Permissions and photographic consent. Previously published | 
tables and figures must be correctly referenced and written 


permission from the copyright holder included with the manu- 
script. Photographs of identifiable persons must be accompanied — BP 


by signed releases or else all i features: masked. 


Estimating length of manuscript 


The length of text material (introduction through Comment section) in regular manuscripts accepted. for 
publication normally ranges from 750 to 4200 words (an average of 2000 words). A 4200 word text can 
seldom be accepted, especially if tables and figures are included. The average manuscript of 2000 words of 


text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 5.7 page article in 
the JOURNAL. The 2000 words of text alone make approximately 8 pages of manuscript typed double 
spaced with the required 1 inch margins (approximately 250 words per page). An average table or figure 
published in the JOURNAL is equivalent to approximately 500 typed words in manuscript. Thus if a greater 
number of illustrations and tables are used, the length of the text should be adjusted peer 





Requirements for special sections 
‘Case reports and brief clinical and basic science communica- 


me tions. Limit of 700 words, 2 references. Include abstract of 50 


~~ words maximum, 3 to 5 key words/phrases for indexing purposes, 
‘and short title. If tables and/or figures or used, an equivalent 
“number of words must be deducted from the total (see “Estimat- 
ing Length of Manuscript”). 
Current Investigation. Same requirements as for a regular 
article. 
Clinical Opinion. Limit of 3000 words, 16 references. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and short 
- title. Submit to Dr. Zuspan. 
a Current Development. Limit of 6000 words. Include abstract of 
< $0 to 150 words, 3 to 5 key words/phrases, and short title. Submit 
> to Dr. Zuspan. 
-< Correspondence. Two types of correspondence will be consid- 
ose ered for publication. (1) A Letter to the Editors. commenting on an 
` article that has appeared in the JOURNAL should be brief and 
directly related to the published article. The editorial staff 
reserves the right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letters may 
‘be published together with a reply from the original author, As 
space for letters is limited, only a selection of letters submitted 


i may be: published. (2) A brief case presentation or a short report 


= of a pertinent observation in the form of a Letter to the Editors 
will be considered. for publication. All letters should be typed 
ae double spaced. Letters should be sent to Dr. Zuspan. 

~ ` Announcements. Announcements of major meetings and other 
<o significant activities must be received at least 8 weeks before the 
a2 desired month of publication. All announcements carry a charge 
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of $45.00 U.S. and the fee must accompany the request to publish. 
information will be limited to title of meeting, date, place, and an 
address to obtain further information. Send announcements and 
payment, payable to this JOURNAL, to The C. V. Mosby Compa- 
ny, 11830 Westline Industrial Drive, St. Louis, Missouri 63146. 
Books. Books received will be listed in the JOURNAL. They 
should be sent to Dr. Gerbie. No books will be returned. E 
Reprints. Reprints of articles must be obtained from the author. 


The corresponding author will receive a price | schedule and order ee 
form at the time of publication. Reprints in quantities! must be as 


ordered from the publisher with the author’s consent. 
Checklist 
— Letter of submission 
—Copyright transfer letter 
-Original and two xerographic copies of manuscript 
— Title page 
—Title of article 
—Full name(s) and affiliations of author(s) 
Author to whom correspondence is to be sent 
—Reprint request line or line stating repunt not available 
-Short title 
—Abstract (double spaced), 3 to 5 ney words/ ee 
—-Article proper (double spaced) = 
References (double spaced), on a separate aheét . 
—Legends (double spaced), on a separate sheet ` 
— Tables (double spaced), cach on a separate sheet ha 
—~T[]lustrations, propery j 
prints) : 
—Permission to reproduce published material Toos 
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_ effects, including bre akthrougl 
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changes, separate, carefully con: 
trolled long-term studies have 
shown no significant changes in- 
_ total cholesterol, HDL cholesterol. 


and triglycerides with NORDETTE - 
at 12 months.**° 
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l Rössner S i et ak Acta Obstet :Gynecol Si 50:255, JORG, 
2. Nash AL et ak Med J Aust 2:277, 1979. 3. Larsson-Cohn U 
et al; Ferul Steril 35472,4981. 4. -Briggs MH: 4 Reprod Med... 
28:92, 1983. 5. Áhrén T et al: Contraception 24:454, 1981, 

>. Briggs MH, Briggs M: Acta Obsiet Grnece! Scand Suppl 
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<- Indications and Usage-—-NORDETTE® is indicated for the prevention of 


<. pregnancy in women who elect to use oral contraceptives {OC's} as a 


-method of contraception. 

 Gontraindications—OC's shouid not be used in women with any of the 
|. following conditions: 1. Thrombophiebitis or thromboembolic disorders. 
`. 2: A past history of deep-vein thrombophiebitis or thromboembelic disor- 
“ders. 3. Cerebrai-vascular or coronary-artery disease. 4. Known or Sus- 
“pected carcinoma of the breast. 5. Known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or 
‘Suspected pregnancy (see Warning No. 5;. 8. Benign or malignant iver 
mor which developed during use of OC's or other estrogen-containing 





_ Several serious conditions, including thromboembolism, stroke, 

cf myocardial infarction, hepatic adenoma, gallbladder disease, hyper- 
4° tension. Practitioners prescribing oral contraceptives shouid be 
_famitiar with the following information relating to these rsks. 






4. Thromboemboiic Disorders and Other Vascular Probiems~—An 
“increased risk of thromboembolic and thrombotic disease associated with 
se-of OC's is well established. Three principal studies in Great Britain 
“and 3 in the U.S. have demonstrated increased risk of fata! and nonfatai 
~ “-vendus thromboembolism and stroke, both hemorrhagic and thrombotic. 
- : These studies estimate that users of OC's are 4 to 11 times more likely 
than nonusers to develop these diseases without evident cause. 
EREBROVASCULAR DISORDERS—1In a collaborative American study of 
“cerebrovascular disorders in women with and without predisposing 
= causes, it was estimated that the risk of hemorrhagic stroke was 
= 2.0 times greater in users than nonusers and the risk of thrombotic 
-stroke was 4 to 9.5 times greater in users than in nonusers. 
“MYOCARDIAL INFARCTION (Mi}—-An increased nisk of Mi associated 
ith the use of OC's has been reported. confirming a previously sus- 
ected association, These studies, conducted in the UK. found, as 
xpected, that the greater the number of underlying risk factors for coro- 
ary-attery disease (cigarette smoking, hypertension, hyperchoiesterole- 
ja, Obesity, diabetes, history of pre-eclamptic toxemia) the higher the 





_... tisk of developing MI, regardiess of whether the patient was an OC user 
ar not. OC's, however, were found to be a clear additional risk factor. in 
~ terms of relative risk, it has been estimated that OC users who do not 


“smoke (smoking 1s considered a major predisposing condition to MI) are 
sabout twice as likely to have a fatal MI as nonusers who do not smoke. 
C users who are also smokers have about a S-fold increased risk of fatal 
i compared to users who do not smoke, but about a 10- to 12-foid 
“increased risk compared to nonusers who do not smoke. Furthermore, 
amount of smoking is also an important factor. in determining importance 
z. ofthese relative risks, however, baseline rates for various age groups 
_.. must be given serious consideration. Importance of other predisposing 

“conditions mentioned above in determining relative and absolute risks has 
“not as yet been quantified; quite likely the same synergistic action exists, 
= _ but perhaps to a lesser extent. 

RISK OF DOSE—~in an analysis of data denved from several national 

“adverse-reaction reporting systems, British investigators concluded that 

: ihisk of thromboembolism, including coronary thrombosis. ts directly 
‘elated to dose of estrogen in OC's. Preparations containing 100 mcg or 
$ = pore of estrogen were associated with higher nsk of thromboembolism 
“2 than. those containing 50-80 mcg. Their analysis did suggest, however, 
that quantity of estrogen may not be the sole factor involved. This finding 
has been confirmed in the US. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES —A 
jarge prospective study carried out in the UK estimated the mortality rate 


e per 100,000 women per year from diseases of the circulatory system tor 


“ccs ggsers and nonusers of OC's according to age. smoking habits. and 
‘duration of use. Overall excess death rate annually from circulatory dis- 
gases for OC users was estimated to be 20 per 100.000 (ages 15-34- 
5/100,000: ages 35-44 —33/100.000; ages 45-49— 140/109000}, risk 
being concentrated in older women, in those with long duration of use, 


“and in cigarette smokers. It was not possible. however, to examine inter- 


o relationships of age. smoking, and duration of use, nor to compare 

- gftects of continuous vs. intermittent use. Although the study showed a 

- 10-foid increase in death due to circulatory diseases in users for 5 of 
More years, all these deaths occurred in women 35 or older, Unti larger 
‘fumbers of women under 35 with continuous use for 5 or more years are 
‘available, it 1s not possible to assess magnitude of relative risk for this 
younger group. Available data from a variety of sources have been ana- 
_lyzed to estimate risk of death associated with various methods of contra- 
“ception. Estimates of nsk of death for each method include combined nisk 
“of contraceptive method (a.g., thromboembolic and thrombotic disease in 
the case of OC's} pius risk attnbutabie to pregnancy or abortion m event 
of method failure. This latter risk varies with effectiveness of method. The 
- Study concluded that mortality associated with ail methods of birth con- 
"trol is iow and below that associated with childbirth, with the exception of 
‘OC's in women over 40 who smoke. Lowest mortality is associated with 
condom or diaphragm backed up by early abortion. Risk of thromboem- 
bolic and thrombotic disease associated with OC's increases with age 
after about 30 and, for MI. is further increased by hypertension, hyper- 
cholesterolemia, obesity, diabetes, or history of pre-eclamptic toxerva, 
and especially cigarette smoking. Physician and patient should be alert to 
~ earliest manifestations of thromboembolic and thrombotic disorders 
(e.g, thrombophlebitis, pulmonary embolism, cerebrovascular insuffi 
tiency, coronary occlusion, retinal thrombosis, and mesenteric thrombo- 
sis). Should any of these occur or be suspected. the drug should be 
discontinued immediately. A 4- to 6-fold increased risk of postsurgery 
thromboembolic complications has been reported in OC users. 

If feasible, OC's should be discontinued at ‘east 4 weeks before surgery 
of a type associated with increased risk of thromboembolism or pro- 
longed immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one 
study in Britain involving cerebrovascular disease and another in the U S. 
“concerning MI suggest an increased risk of these conditions in users at 

: OC's persists after discontinuation of the OC's. in the British study, risk of 
cerebrovascular disease remained elevated in former OC users for at least 
6 years after discontinuation. In the US. study, increased nisk of Mi 

` persisted for at least 9 years in women 40 to 49 years old whe had used 

- OC's for 5 of more years. Findings in both studies require confirmation 
-since they are inconsistent with other published information. 

2. Ocular Lesions——There have been reports of neurd-ocular lesions such 
a5 optic neuritis or retinal thrombosis associated with use of OC's. Dis- 
continue OC's if there is unexplained. sudden or gradual, partial or 
‘complete loss of vision: onset of proptasis of diplopia: papiliedema: or 
tetinal-vascuiar lesions, and institute appropiate diagnostic and therapeu- 
` tic measures. 

3: Carcinoma—Long-term continuous administration of either natural 











or synthetic estrogen in certain animal species increases frequency of 
carcinoma of the breast, cervix, vagina. and fiver. Certain synthetic 
progestogens, none currently contained in OC's. have been noted to 
increase incidence of mammary nodules, benign and malignant. in dogs. 
in humans, 3 case-control studies have reported an mcreased risk of 
endometrial carcinoma associated with prolonged use of Exogenous 
estrogen in postmenopausal women. One publication reperted on the 
first 21 cases submitted by physicians to a registry of cases of adenocar- 
cinoma of the endometrium in women under 40 on OC's. Of cases-found 
in women without predisposing nisk factors (@.g.. irregular bleeding at 
the tene.OC's were first given. polycystic ovanes}, nearly all occurred in 
women who had used a sequential OC. These are no longer marketed. No 
evidence has been reported suggesting increased tisk of endometrial can- 
cet in users of conventional combination or progestogen-only OC's. Sev- 
etal studies have found no increase in breast cancer in women taking 
OC's or estrogens. One study, however, while also noting no overall 
increased risk of breast cancer in women on OC's. found an excess risk 
in subgroups of OC users with documented benign breast disease. 
Reduced occurrence of benign breast tumors in users of OC's has been 
weli documented. In summary, there is at present no confirmed evidence 
from human studies of increased nisk of cancer associatec with OC's. 
Cose clinical surveillance of ali women on OC's is, nevertieless, essen- 
tial. In all cases of undiagnosed persistent or recurrent abiormai vaginal 
bleeding, appropriate diagnostic measures should be takes to rule out 
malignancy. Women with a strong family history of breast cancer or with 
breast nodules. fibrocystic disease, or abnormal mammograms should be 
monitored with particular care if they elect to use OC's. 

4 Hepatic Tumors—Benign hepatic adenomas have been found to be 
associated with use of OC's. One study showed that OC's with high hor- 
monal potency were associated with higher risk than lowes potency OC's. 
Atthough benign. hepatic adenomas may rupture and may cause death 
through intra-abdominal hemorrhage This has been reported in short- 
term as weil as long-term users. Two studies relate risk wth duration of 
use of OC's, the nsk being much greater after 4 or more years’ use. 
While hepatic adenoma is rare, it shouid be considered in women pre- 
senting abdominal pain and tenderness. abdominal mass 3r shock. A few 
cases of hepatocellular carcinoma have been reported in women on OC's. 
Relationship of these drugs to this type of malignancy is not known. 


5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring. 
and Malignancy in Female Offspring—Use of female sex hormones— 
both estrogenic and progestational agents—during early Jregnancy may 
seriously damage the offspring. It has been shown that females exposed 
i utero to diethyistiibestrol, a nonsteroidal estrogen. havz increased risk 
of developing in later iite a torm of vaginal or cervical cancer ordinarily 
extremely rare. This risk has been estimated to be of the order of 1 in 
1.000 exposures or fess. Although there is no evidence now that OC's 
further enhance risk of developing this type of malignancy. such patients 
snould be monitored with particular care if they elect to use OC's. Fur- 
thermore, 30 to 90% of such exposed women have been found to have 
epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, itis not known whether this conditien is a precursor 
of vaginal malignancy. Male children so exposed may devaiop abnormali- 
ties of the urogenital tract. Although similar data are not evaitabie with 
use of other estrogens, it cannot be presumed they woule not induce 
similar changes. An increased risk of congenital anomalies. including 
heart defects and limb defects. has been reported with use of sex hor- 
mones, including OC's. in pregnancy. One case-control study estimated a 
4 7-fold increase in rsk of fimb-reduction defects in infancs exposed in 
utero to sex hormones (OC's, hormonal withdrawal tests for pregnancy, 
of attempted treatment for threatened abortion). Some exposures 
involved only a few days. Data suggest that ssk of limb-reduction detects 
in exposed fetuses is somewhat less than 1 in 1,000 live births. In the 
past, female sex hormones have been used during pregnency in an 
attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indicatiors, and there is 
no evidence from wel!-controlled studies that progestagens are effective. 
There is some evidence that triploidy and possibly other types of poly- 
ploidy are increased among abortuses from women who become preg- 
nant soon alter ceasing OC's. Embryos with these anoma ies are virtuaily 
aways aborted spontaneously. Whether there is an overall increase in 
spontaneous abortion of pregnancies conceived soon after stopping OC's 
is unknown. It is recommended that. for any patient who has missed 2 
consecutive periods. pregnancy should be ruled out before continuing 
OC’s. if the patient has not adhered to the prescribed schedule, the possi- 
bility of pregnancy should be considered at time of first missed period, 
and further use of OC's should be withheld unt pregnancy has been 
ruled out. If pregnancy is confirmed, the patent should ba apprised of the 
potential risks to the fetus, and advisability of continuation of the preg- 
nancy should be discussed. H is also recommended that women who 
discontinue OC's with intent of becoming pregnant use ar alternate form 
of contraception for a penod of time betore attempting to conceive. Many 
cunicians recommend 3 months, although no precise information is avai- 
abie on which to base this. The administration of progestegen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test 
of pregnancy. 

6. Gallbladder Disease-—Studies report increased risk of surgically con- 
firmed gallbladder disease in users of OC's and estrogens. In one study, 
increased risk appeared atter 2 years’ use and doubied after 4 or 5 years” 
use. in one of the other studies, increased risk was apparent between 6 
and 12 months’ use. 

7 Carbohydrate and Lipid Metabolic Effects-——Decrease in glucose toler- 
ance has been observed in a significant percentage of patients on OC's. 
For this reason, prediabetic and diabetic patents shouid be carefully 
observed white on OC's. increase in tugiycerides and total phospholipids 
has been abserved in patients on OC's; clinica) significance of this finding 
remains to be defined. 

8. Elevated Blood Pressure—tincrease in biood pressure tras been 
reported in patients on OC's. in some women, hypertension may occur 
within a few months of beginning OC's. in the tst year of use. prevalence 
of women with hypertension is jow in users and may be no higher than 
that of a comparable group of nonusers. Prevalence in usars increases. 
however, with fonger exposure, and in the Sth year of use is 242 to 3 
times the reported prevalence in the 1st year. Age is aiso strongly corre- 
lated with deveianment of hypertension in OC users. Women who previ- 
ously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure on OC's. Hypertension that develops 
as a result of taking OC's usually returns to normal after Ciscontinuing the 
drug. 

9. Headache—Onset or exacerbation of migraine or development of head- 
ache of a new pattern which is recurrent. persistent. of Severe, requires 
discontinuation of OC's and evaluation of the cause. 

10. Bleeding trrequiarties——Breakthrough bleeding. spotting, and amen- 
orrtiea are frequent reasons for patients discontinuing OC s. in break- 
through bleeding. as in all cases of regular vaginal bleeding, nonfunc- 
tonal causes shouid be borne in mind. In undiagnosed persistent oF 
recurrent abnormal bleeding from the vagina, adequate diagnostic mea- 
sures are indicated to rule out pregnancy or malignancy. # pathology has 
been excluded, time or change to another OC may sove fe problem. 


Changing to an OC with a higher estrogen content, white potentiaily usetui 
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zing menstrual irregularity; should be done only if necessary, . 
since this may increase risk of thromboembolic disease. Women with ~ 
past history of oligomenorrhea or secondary amenorrhea or young 
women without regular cycies may have a tendency to- remain anovuiatory 
or to become amenorrheic after discontinuing OC's. Women with these 
preexisting problems should be advised of this possibility and encouraged 
to use other methods. Post-use anovuiation. possibly prolonged, may 
aiso occur in women without previous irregularities. l 
11. Ectopic Pregnancy—~Ectopic as well as intrauterine pregnancy may 
occur in contraceptive failures. 
12. Breast-feeding—OC's given in the postpartum period may interfere 
with lactation and decrease quantity and quality of breast milk. Further- 
more, a smati fraction of the hormones in OC's has been identified in the 
milk of mothers on OC's: effects, if any, on the breast-fed child have not 
been determined. ff feasible. defer OCs unti infant has been weaned. 
Precautions —-GENERAL —1. A complete medical and family history 
should be taken prior to initiation of OC's. Pretreatment and periodic 
physical examinations should include special reference to blood pressure, 
breasts, abdomen and pelvic organs, including Pap smear and relevant 
laboratory tests. As a general rule OC's should not be prescribed for 
longer than 1 year without another physical examination. 
2. Under influence of estrogen-progestogen preparations, preexisting 
uterine leiomyomata may increase In 9:26. 
3. Patients with history of psychic depression should be carefully 
observed and the drug discontinued if depression recurs to a serious 
degree. Patients becoming significantly depressed while on OC's should 
stop OC's and use an alternate method to try to deteymine whether the 
symptom is drug-related. 
4 OC's may cause some degree of fluid retention. They should be 
prescribed with caution, and only with caretui monitoring, in patients with 
conditions which might be aggravated by thud retention, such as convul- 
sive disorders, migraine syndrome, asthma, or cardiac of renal 
insufficiency. 
5. Patients with a past history of jaundice during pregnancy have an 
increased risk of recurrence while on OC's. Hf jaundice develops, OC's 
should be discontinued. 
6. Steroid hormones may be poorly metabolized m patents with impaired 
liver function and should be administered with caution. 
7. OC users may have disturbances in normal tryptophan metabolism 
which may result in a relative pyridoxine deficiency. Clinical stgmficance is 
undetermined. 
8. Serum tolate levels may be depressed by OC's. Since the pregnant 
woman is predisposed to development of folate deficiency and incidence 
of folate deficiency increases with increasing gestation, itis possible that 
it a woman becomes pregnant shortly after stopping OC's. she may have 
a greater chance of developing folate deficiency and complications attrib- 
uted to this deficiency. 
information fer the Patient——See Patient Package Labeling. 

Tests— 1. The pathologist should be advised of OC therapy 
when relevant specimens are submitted. 
2. Certain endocrine- and jiver-function tests and blood components may 
be affected by estragen-containing OC's: 
a. Increased sulfobromophthalein retention. 
b. Increased prothrombin and factors Vil. Vill. IX, and X. decreased 
antithrombin 3: increased norepinephr-ne-induced platelet aggregabiiity. 
c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), 
T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG free T4 concentration is unaltered. 
d. Decreased pregnanedio! excretion. 
e. Reduced response to meétyrapone test. 
Drug interactions- Reduced efficacy and increased incidence of break- 
through bleeding have been associated with concomitant use of rifampin. 
A similar association has been suggested with barbiturates. phenylbuta- 
zone phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis, Mutagenesis, li of Fertility—-See Warnings 
section #3, 4, and 5 for information on carcinogenesis, mutagenesis. 
and impairment of fertility. 
Preqgnancy~—Category X. See Contraindications, Warnings. 
Hursing Mothers-—-See Warnings. Because of the potential for adverse 
reactions in nursing infants from ora! contraceptive tablets, a decision 
should be made whether to discontinue the drug. taking mto account the 
importance of the drug to the mother. 
Adverse Reactions—An increased risk of these senous adverse reactions 
has been associated with use of OC's (see Warnings}: thrombophlebitis. 
pulmonary embolism, coronary thrombosis, cerebra! thrombosis, cere- 
bral hemorrhage, hypertension, gallbladder disease, benign hepatomas, 
congenital anomalies. There is evidence of an association between the 
following conditions and use of OC's although additional confirmatory 
studies are needed: mesenteric thrombosis. neuro-ocular lesions, eg.. 
retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients. on OC's 
and are believed fo be drug-related. Nausea and/or vomiting, usually the 
most common adverse reactions. occur in approximately 10 percent or 
less of patients during the first cycle. Other reactions, as 4 general rule, 
are seen much jess frequently or only occasionally, Gastrointestinal symp- 
toms (such as abdominal cramps and bloating). breakthrough bleeding, 
spotting, change in menstrual flow. dysmenorrhea, amenotfhea dunng 
and after treatment, temporary infertility after discontinuance of treat- 
ment: edema: chicasma or melasma which may persist: breast changes: 
tenderness, enlargement, and secretion: change in weight (increase or 
decrease), change in cervical erosion and cervical secretion, possible 
diminution in jactation when given immediately postpartum; cholestatic 
jaundice: migraine; increase in size of uterine jeromyomata, rash 
(allergic). mental depression; reduced tolerance to carbohydrates, vaginal 
candidiasis: change in corneal curvature (steepening), intolerance to con- 
tact lenses. 
The following adverse reactions have been reported in users of OC's, and 
the association has been neither contirmed nor refuted: premenstrual-tike 
syndrome, cataracts. changes in libido, chorea, changes in appetite, cys- 
titis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of 
scaip hair, erythema multiforme. erythema nodosum, hemorrhagic erup- 
tion, vaginitis, porphyria. 
Acute Overdese — Serious iti effects have not been reported following 
acute ingestion of large doses of OC's by young children. Overdosage 
may cause nausea. and withdrawal bleeding may occur in females. 
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Controversies in Rh prophylaxis 


Clinical Opinion 


Who needs Rh immune globulin and when should it be given? 


John M. Bowman, M.D. 
Winnipeg, Manitoba, Canada 


A summary of the current recommendations for administration of Rh immune globulin after several 
reproductive events is presented. The risks of failure to administer Rh immune globulin after delivery or 
abortion, amniocentesis, and massive transplacental hemorrhage are described. (Am J OBSTET GYNECOL 


1985;151:289-94.) 
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An Rh-negative woman delivered of an Rh-positive, 
ABO-compatible baby has a 16% likelihood of becom- 
ing Rh immunized as a result of her pregnancy. A total 
of 1⁄2% to 2% of mothers will be overtly Rh immunized 
by the time they are delivered. Another 7% will have 
demonstrable Rh immunization within 6 months after 
delivery. The remaining 7% will first show that they 
were Rh immunized by mounting a secondary Rh im- 
mune response in their next Rh-positive pregnancy. To 
use the term coined by Nevanlinna,' the latter were 
“sensibilized” by the first pregnancy, primary Rh im- 
munization being tco weak to be detected. 

ABO incompatibility confers partial protection 
against Rh immunization. The Rh-negative woman who 
is delivered of an Rh-positive, ABO-incompatible baby 
is at. 14% to 2% risk of becoming manifestly Rh im- 
munized by 6 months after delivery. 


Standard Rh prophylaxis 


The development and licensure in 1968 of Rh im- 
mune globulin, an effective means of preventing Rh 
immunization and therefore of preventing erythro- 
blastosis and hydrops fetalis, were milestones in pre- 
ventive medicine. Rh immune globulin should always 
be successful in preventing Rh immunization if it is 


From the Rh Laboratory, Department of Pediatrics and Child Health, 
Faculty of Medicine, University of Manitoba, and the Health Sci- 
ences Centre. ae 

Reprint requests: John M. Bowman, M.D., Rh Laboratory, Depart- 
ment of Pediatrics and Child Health, Faculty of Medicine, Uni- 
versity of Manitoba, Winnipeg, Manitoba, Canada. 


given before Rh immunization has begun and if it is 
given in sufficient dose. The standard intramuscular 
dose in North America is 300 ug. In other parts of the 
world intramuscular Rh immune globulin doses of 100 
to 125 ug have proved to be almost equally effective. 
In Canada, Ireland, and parts of Germany intravenous 
Rh immune globulin preparations are given in doses 
of the order of 100 to 120 pg. 

Because all clinical trials upon which the licensure of 
Rh immune globulin was based involved administration 
of Rh immune globulin 72 hours after delivery, the 
original recommendation was that one prophylactic 
dose should be given intramuscularly within 72 hours 
after birth of an Rh-positive infant irrespective of its 
ABO status. 

Since we have observed rare but undoubted exam- 
ples of Rh immunization becoming manifest within 72 
hours after delivery, our present policy is to give Rh 
immune globulin as soon after delivery as the Rh status 
of the baby has been determined and the mother is 
confirmed to be at risk of Rh immunization. | 

If for some reason the Rh status of the baby is not 
known by 72 hours after delivery, we administer Rh 
immune globulin to the mother despite the one third 
chance that her baby is Rh-negative and that she is not 
at risk. We prefer to treat a woman unnecessarily rather 
than withhold Rh immune globulin from a mother who 
is at risk of Rh immunization. Conversely, if through 
an oversight a woman is left unprotected, we will give 
her Rh immune globulin up to 28 days after delivery 
as soon as we have discovered the oversight. Samson 


289 


290 Bowman 


Table I. Residual Rh prophylaxis problems 


1, Failure to administer Rh immune globulin after delivery 
or abortion l 
2. Failure to give Rh immune globulin after amniocentesis 
3. Failure to prevent Rh immunization after massive 
fetal transplacental hemorrhage 
4. Rh immunization during pregnancy—antenatal Rh 
prophylaxis l 
. Rh immunization in infancy—the “grandmother theory” 
. The mother with weak Rh antibodies 
. The problem of the D" mother 


J Ch Or 


and Mollison? have shown that volunteers given Rh- 
positive red blood cells are partially protected when Rh 
immune globulin is given up to 13 days after exposure. 
The patient and her physician must understand, how- 
ever, that the longer after delivery Rh prophylaxis is 
delayed, the less likely it is that she will be protected. 
Since abortion carries a significant risk of Rh im- 
munization (2% if the abortion is spontaneous and 4% 
to 5% if the abortion is therapeutic), we administer Rh 
immune globulin to every Rh-negative unimmunizéd 
woman who aborts. If a 50 pg Rh immune globulin 
minidose is available it will be protective if abortion 
occurs in the first trimester. Unless fetal transplacental 
hemorrhage screening is carried out after abortion, we 
recommend that a standard dose of Rh immune glob- 
ulin be given if therapeutic abortion is carried out in 
the second trimester (50 wg of Rh immune globulin 
will protect only against a transplacental hemorrhage 
of up to 2 ml of fetal red cells). l 
Standard Rh prophylaxis has been about 85% to 90% 
effective in eradicating Rh immunization. Table I lists 
remaining problems which will be discussed in order. 
Failure to administer Rh immune globulin after de- 
livery or abortion. Failure to protect the Rh-negative 
mother after delivery of an Rh-positive baby may be 
due to her failure to seek prenatal care, failure of her 
physician to send blood for grouping and antibody 
screening, or failure of the hospital obstetric unit to 
send maternal and cord blood for testing after delivery. 
Medical and nursing personnel must know the Rh 
and alloimmunization status of all of their pregnant 
patients. The Rh-negative woman should have blood 
rescreened at 20, 28, and 32 to 34 weeks’ gestation. At 
delivery maternal and cord blood must be tested, If the 
baby is Rh-positive and the mother Rh-negative and 
not Rh immunized, Rh immune globulin must be given. 
A weakly positive cord red blood cell direct antiglobulin 
test in the presence of ABO incompatibility is never a 
reason for withholding Rh immune globulin. The in- 
fant has ABO erythroblastosis. ABO incompatibility 
does not prevent Rh immunization completely. Rh im- 
mune globulin must be given. 
The Rh-negative woman who becomes Rh immu- 
nized after abortion does so after d small red blood cell 
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exposure. She is a good responder. She frequently has 
a very severely affected fetus in her next Rh-positive 
pregnancy. No woman should have a therapeutic abor- 
tion until her Rh status is determined. If she is Rh- 
negative and unimmunized, Rh immune globulin must 
be given at the time of abortion. 

Compliance after spontaneous abortion is more dif- 
ficult. The woman who aborts spontaneously may do 
so before her first prenatal visit. She may not be hos- 
pitalized or her stay may be very brief. The Rh-negative 
woman should be aware of the risks of Rh immuniza- 
tion after spontaneous abortion. Personnel caring for 
the woman who aborts spontaneously must determine 
her Rh status and give her Rh immune globulin if she 
is Rh-negative and unimmunized. 

The Rh-negativé. woman who has an antepartum 
hemorrhage without loss of the conceptus is at sub- 
stantial risk of transplacental hemorrhage and Rh im- 
munization, although there are no statistics available to 
determine exactly what the increased risk is. We rec- 
ommend that an Rh-negative woman who has an an- 
tepartum hemorrhage should be given a full prophy- 
lactic dose of Rh immune globulin and that the dose 
be repeated every 12 weeks until delivery. 

Failure to give Rh immune globulin after amnio- 
centesis. If the placenta is traversed at amniocentesis 
there is a significant hazard of fetal transplacental hem- 
orrhage (10.6% in our experience before the ultra- 
sound era). Although ultrasound reduces the risk of 
placental trauma at amniocentesis it does not remove 
it completely, nor does a negative Kleihauer acid elution 
or any other fetal cell screen rule out transplacental 
hemorrhage altogether. Every Rh-negative unimmu- 
nized woman undergoing amniocentesis (for genetic 
purposes in early pregnancy, for pulmonary maturity 
determination in later pregnancy) must be given a full 
prophylactic dose of Rh immune globulin which again 
should be repeated every 12 weeks until delivery. Al- 
though there was originally a fear that administration 
of Rh immune globulin after amniocentesis might harm 
the conceptus, there is abundant evidence that a dose 
of 300 ug is harmless. 

Failure to prevent Rh immunization after massive 
transplacental hemorrhage. There is now evidence that 
one standard dose of Rh immune globulin (300 mg) will 
prevent Rh immunization following exposure to up to 
25 ml of fetal Rh-positive blood (12 ml of fetal red 
blood cells). Following exposure to as much as one unit 
(450 ml) of Rh-positive blood, 300 pg of Rh immune 
globulin reduces the incidence of Rh immunization 


. from the expected 70% to about 35%. 


Fetal transplacental hemorrhage exceeding 30 ml oc- 
curs rarely, being found in only 0.23% of 9000 preg- 
nant women studied in Winnipeg. The great majority 
of these transplacental hemorrhages occur during de- 
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livery. If fetal transplacental hemorrhage screening 
were never carried out and 300 wg of Rh immune glob- 
ulin were given routinely, Rh immunization due to un- 
diagnosed massive transplacental hemorrhage would 
occur in only one Rh-negative woman in 1250 (0.08%) 
at risk. 

It is apparent that failure to diagnose and treat mas- 
sive transplacental hemorrhage is a rare cause of re- 
sidual Rh immunization. Because accurate measure- 
ment of fetal transplacental hemorrhage ts difficult for 
a routine hospital laboratory and because Rh immu- 
nization due to massive fetal transplacental hemor- 
rhage is a rare event, an argument can be made for 
not carrying out fetal screening for transplacental hem- 
orrhage. However, we do screen for fetal transplacental 
hemorrhage and it is recommended by obstetric and 
blood banking societies. . 

If the diagnosis cf massive fetal transplacental hem- 
orrhage is made after delivery, our policy is to give 300 
wg of Rh immune globulin intramuscularly for hem- 
orrhage of less than 25 ml of Rh-positive fetal blood, 
600 pg for 25 to 49 ml, 900 ug for 50 to 74 ml, etc. 
We give the contents of four vials (1200 ug) every 12 
hours until the calculated dose has been given. 

In the very rare event when a transplacental hem- 
orrhage exceeding 75 to 100 ml (we have seen up to 
450 ml) has been diagnosed before delivery, fetal com- 
promise due to anemia as well as the risk of Rh im- 
munization must be considered. Fetal condition should 
be assessed by ultrasound. If the mother is past 33 
weeks’ gestation prompt delivery should be undertaken 
with neonatal resources available to treat the baby if he 
is in shock or severely anemic. If the baby is Rh-positive, 
the mother should be given Rh immune globulin in the 
dose already outlined. 

If an Rh-negative patient is deliberately or acciden- 
tally transfused with Rh-positive blood, attempts at Rh 
prophylaxis may cause significant anemia. If more than 
900 ml of Rh-positrve blood (450 ml of packed red 
blood cells) has been given, Rh prevention should not 
be attempted unless the patient is a girl or a woman in 
her childbearing years. In this situation we carry out a 
one and a half blood volume exchange transfusion with 
ABO-compatible Rh-negative blood less than 4 days 
old, which removes in excess of 75% of the circulating 
donor Rh-positive blood. Rh immune globulin is then 
administered in a dose calculated on the basis of 25% 
to 30% of the original volume transfused. Differential 


agglutination 48 to 72 hours after the final dose should » 


show no residual Rh-positive red blood cells and anti- 
body screening should indicate the presence of passive 
Rh antibody. 

Rh immunization during pregnancy and antenatal 
Rh prophylaxis. Rh immunization occurring during 
pregnancy and therefore not prevented by postdelivery 
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Rh prophylaxis is the present cause of the greatest 
amount of residual Rh immunization. It causes 20 times 
as much residual Rh immunization as does undi- 
agnosed massive fetal transplacental hemorrhage. The 
Manitoba study’ showed that 62 of 3533 women (1.8%) 
not Rh immunized at the beginning of their pregnan- 
cies were Rh immunized at delivery or within 3 days 
after delivery. Similar findings were reported from 
Hamilton, Ontario, and Sweden’ and in primigravid 
women from Yorkshire, England.’ 

Such Rh immunization carries with it serious con- 
sequences, In 24 subsequent Rh-positive pregnancies, 
11 babies (46%) required phototherapy and/or ex- 


. change transfusions; five of the 11 (21% of the total) 


were so severely affected that they required either early 
delivery (two) or fetal transfusions and early delivery 
(three). 

An antenatal prophylaxis clinical trial, 300 pg of Rh 
immune globulin given at 28 and again at 34 weeks’ 
gestation, carried out in Winnipeg from December, 
1968, to August, 1976,° was highly successful, reducing 
the incidence of Rh immunization during pregnancy 
from 1.8% to 0.1%. 

A service program in which 300 pg of Rh immune 
globulin is given at 28 weeks’ gestation has been just 
about as successful.° Of 9609 Rh-negative women given 
Rh immune globulin at 28 weeks’ gestation and sub- 
sequently delivered of Rh-positive babies, without an- 
tenatal prophylaxis we would have expected 159 to be 
Rh immunized by the end of their pregnancies, man- 
ifesting their immunization by delivery, or within 6 
months after delivery, or in some not until a secondary 
immune response was mounted in a subsequent preg- 
nancy. Nineteen instances of Rh immunization were 
found, and in 10 of the 19 there was an explanation 
for the immunization other than failure of antenatal 
prophylaxis (Rh immunization before 28 weeks’ ges- 
tation in a subsequent pregnancy in two; “sensibiliza- 
tion” due to failure to carry out antenatal, postnatal, 
or postabortion prophylaxis in or after prior pregnan- 
cies in eight). The true antenatal prophylaxis protection 
rate is therefore 150 of 159 (94.3%). In three of the 
nine “true” failures the intervals between antenatal and 
postnatal Rh prophylaxis were 13 weeks, 5 days, 14 
weeks, 3 days, and 15 weeks, respectively. 

For the above reasons our policy, which we recom- 
mend strongly to others, is to give 300 wg of Rh immune 
globulin at 28 weeks’ gestation to the unimmunized 
Rh-negative pregnant woman whose husband is: Rh- 
positive or Rh unknown. Because of the hazards of 
“augmentation,” which we believe to be very real if 
circulating anti-D drops to very low levels,’ we admin- 
ister a second dose of Rh immune globulin if delivery 
has not occurred within 12 weeks, 3 days after the first 
prenatal injection. In this instance, if delivery occurs 
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within 3 weeks after the second antenatal injection and 
if there is no Kleihauer evidence of a fetal transpla- 
cental hemorrhage in excess of 0.1 ml of fetal red blood 
cells, we do not administer a postdelivery dose of Rh 
immune globulin. _ 

Four arguments have been advanced against ante- 
natal Rh prophylaxis®* *: (1) The incidence of Rh im- 
munization during pregnancy is very low; (2) antenatal 
Rh prophylaxis is not cost effective; (3) hyperimmu- 
nization and plasmapheresis may be hazardous to Rh 
plasma donors; (4) the IgG in Rh immune globulin 
given to the mother, to which the fetus is exposed, may 
be hazardous. 

Our experience and the experience of the Hamilton 
and Swedish investigators are that the prevalence of 
Rh immunization during pregnancy is not low (1.6% 
to 1.9%). If postpartum and postabortion Rh prophy- 
laxis compliance is high, in the absence of an antenatal 
Rh prophylaxis program, Rh immunization during 
pregnancy is by far the leading cause of residual Rh 
immunization. 

The consequences of Rh immunization during preg- 
nancy, as already noted, may be very serious. Five sub- 
sequent affected fetuses of the 62 women in our orig- 
_ imal study were at risk of death and three required 
intrauterine transfusions. In the 5-year period ending 
March 15, 1984, 52 women were referred to the Win- 
nipeg Rh Laboratory for intrauterine transfusion. 
Twelve of the 44 (27.3%) in whom a cause could be 
found. were Rh immunized during a previous preg- 
nancy. Rh immunization during a previous pregnancy 
shares pride of place with immunization in the pre- 
prevention era as the most common cause of Rh im- 
munization leading to intrauterine transfusion. 

On the basis of an Rh immune globulin cost of $35.00 
per dose, postdelivery Rh prophylaxis is one of the most 
cost effective of all prevention programs, the drug cost 
to prevent one case of Rh immunization developing 
after delivery being about $300. Because one and a half 
times as many doses of Rh immune globulin are re- 
quired (one third of treated mothers will have Rh-neg- 
ative babies) to prevent one seventh as many cases of 
Rh immunization, it will cost 11 times as much to pre- 
vent one case of Rh immunization developing during 
pregnancy (about $3300). This cost is very worthwhile 
when one considers that 25% of subsequent affected 
babies will be at risk of fetal death and will require 
multiple antibody titers, fetal assessments, and amnio- 
centeses. One half of the 25% (13% of Rh-affected 
Manitoba fetuses in the 5-year period ending October 
31, 1983) will require intrauterine transfusion in order 
to survive, 

The $3300 cost compares favorably with the cost of 
screening for massive transplacental hemorrhage at de- 


livery. Based upon our experience that at least 1250 . 
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screening tests are required to prevent one case of Rh 
immunization due to massive transplacental hemor- 
rhage, it is quite apparent that the cost of screening to 
prevent one case of Rh immunization due to massive 
transplacental hemorrhage is at least as great as, in- 
deed, depending upon the screening test used, prob- 
ably much greater than, the cost of Rh immune globulin 
to prevent one case of Rh immunization during preg- 
nancy. Since all critics of antepartum Rh prophylaxis 
are in favor of routine screening for massive transpla- 
cental hemorrhage, cost effectiveness is not an argu- 
ment against but is an argument in favor of antenatal 
prophylaxis. | 

The arguments against antenatal prophylaxis be- 
cause of theoretical risks to donors from hyperimmu- 
nization with Rh-positive red blood cells® are specious. 
In 16 years of hyperimmunizing Rh-immunized sterile 
women (well over 150 in all), not one has shown any 
delezerious effect. If carefully grouped red blood cells 
incompatible for D but compatible for C, E, Kell, and 
Fy* are administered, atypical antibody formation is 
rarely encountered and if found, is inconsequential. 
Some of our plasma donors have undergone plasma- 
pheresis more than 40 times yearly for 16 years. None 
has shown any untoward side effects. In some there is 
a modest lowering of total protein and IgG levels but 
these levels very rarely fall below 60 and 5.5 gm/L, 
respectively. Plasmapheresis in Winnipeg, once weekly 
in 30 donors, produces in excess of 1000 L of high- 
titer Rh plasma annually. This is an amount which vastly 
exceeds the needs of our country (10% of the popu- 
lation of the United States). We calculate that 300 do- 
nors with the same quality of anti-D plasma, under- 
going plasmapheresis 40 times a year (8000 liters of 
plasma), would meet the entire needs of the United 
States for Rh immune globulin for antenatal as well as 
postnatal and postabortion prophylaxis. When one con- 
siders that more than 5 million plasmaphereses a year 
are carried out in the United States, the 12,000 plas- 
maphereses required to meet American needs for uni- 
versal antenatal, postnatal, and postabortion Rh pro- 
phvlaxis is a small number indeed. 

The argument that exposure of the fetus to passive 
Rh immune globulin (containing all kinds of IgG) might 
affect its subsequent immunologic status adversely? is 
also without foundation. All fetuses are exposed to 
much larger amounts of foreign IgG produced by their 
mothers. Maternal IgG has a protective effect and does 
not have a subsequent deleterious effect. There is no 
rezson to expect the small amount of IgG which crosses 
the placenta after the mother is given Rh immune glob- 
ulin to have a damaging effect on the fetal and neonatal 
immune system. We have not studied the immunologic 
status of our 16,000 babies delivered after their moth- 
ers were given antenatal Rh immune globulin and do 
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not intend to do so but we have had no untoward effects 
reported to us. 

Rh immunization in infancy—the “grandmother” 
theory. It has been suggested that Rh immunization 
which appears during a first pregnancy may be a sec- 
ondary immune response antibody following Rh im- 
munization during infancy because of a reverse trans- 
placental hemorrhage of maternal Rh-positive red 
blood cells at the time of delivery. Sixty percent of 
mothers of Rh-negative babies are Rh-positive. Studies 
of capillary blood samples drawn from babies at | or 2 
days of age indicate about a 2% incidence of maternal- 
fetal transplacental hemorrhage.” The amounts are 
very small, being the equivalent of a fetal-maternal 
transplacental hemorrhage of about 0.005 ml (one 
twentieth the amount associated with a 3% incidence 
of maternal Rh immunization). The reports of an as- 
tounding incidence of neonatal Rh immunization rang- 
ing from 5% to 22% have not been substantiated." In 
our own studies we found no evidence of Rh immu- 
nization in 94 Rh-negative babies born of Rh-positive 
mothers who were screened by enzyme and Auto- 
Analyzer methods up to 6 to 12 months of age. 

If Rh immunization during infancy were the cause 


of Rh immunization appearing during a first preg- 


nancy, we would expect to see it in 60% of the original 
5% to 22% reported (3.0% to 13.2%) rather than the 
1.8% observed. We would not expect the 1.8% to have 
been reduced to 0.1% (nine of 9609), since Rh immune 
globulin prevents only the primary Rh immune re- 
sponse and not the secondary Rh immune response. 
Rh immunization due to reverse maternal transplacen- 
tal hemorrhage, if it. occurs at all, is a very rare event. 
Rh immune globulin should not be given to Rh-nega- 
tive babies born of Rh-positive mothers. 

The mother with weak Rh antibodies—attempts at 
suppression. On occasion an Rh-negative woman will 
be discovered to have a weak Rh antibody. Rh anti- 
bodies detected only by an AutoAnalyzer technique in 
most instances do not represent true Rh immunization. 
They have been found in nontransfused Rh-negative 
men” and, in our experience, showed no increase in 
strength in 87% of Rh-negative women delivered of 
Rh-positive babies. Therefore, Rh-negative women 
with Rh antibodies detectable only by an AutoAnalyzer 
technique should be given Rh immune globulin during 
pregnancy and after delivery if they are delivered of 
Rh-positive babies. 

The woman with an Rh antibody demonstrable by a 
manual enzyme method as well as by an AutoAnalyzer 
method is in an entirely different situation. In Win- 
nipeg 21 of 36 women given 300 ug of Rh immune 
globulin at 6-week intervals during pregnancy because 
of the presence of such a weak antibody had a pro- 
gressive increase in anti-D levels.” When four women 
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without progression who were not challenged by a sub- 
sequent Rh-positive pregnancy were excluded, 66% (21 
of 32) of women progressed to full-blown Rh immu- 
nization and had babies with erythroblastosis fetalis. 
The incidence of progression of Rh immunization in 
13] pregnant Rh-negative women with similar, very 
weak antibodies not treated with Rh immune globulin 
(determined from a retrospective study of 3372 con- 
secutive Rh-immunized women) was also 66% (86 of 
131). Thus Rh immune globulin does not suppress Rh 
immunization when very weak Rh immunization is 
present and is not recommended. However, if screen- 
ing tests are equivocal and if the specificity of the an- 


' tibody is in question, Rh immune globulin should be 


given, with the clear understanding that it may not be 
protective. 

The problem of the D" mother. The D" mother who 
is delivered of an Rh-positive baby is not at significant 
risk of Rh immunization. Indeed the majority of so- 
called D” mothers are genetically Rh-positive, the weak- 
ened expression of D being due to the presence of C 
or E on the opposite chromosome. They are at no risk 
of Rh immunization. The true genetic D" missing a part 
of the D-antigen mosaic is at very slight risk of Rh 
immunization. In 40 years of experience, encompassing 
the screening of more than 750,000 pregnancies, the 
Rh laboratory has encountered, at most, four or five 
instances in which a D" mother produced anti-D. In 
none of the cases was the infant severely affected. 
There is one well-documented report of hydrops fe- 
talis in an Rh-immunized D" mother.’ The true D" 
mother clears Rh-positive red blood cells more slowly 
than the Rh-negative mother. Rh immune globulin may 
not be protective. The usual recommendation is that 
the D" mother not be given Rh immune globulin. If 
the uncommon genetic D" mother can be differentiated 
from the much more common environmental D" (Rh- 
positive) mother, we recommend that she be given Rh 
immune globulin after delivery, although the risk of 
Rh immunization is exceedingly small. 

Current Rh prophylaxis recommendations. The fol- 
lowing are currently recommended. 

1. Every Rh-negative unimmunized woman must be 
given one prophylactic dose of Rh immune globulin, 
irrespective of the ABO status of the infant, as soon 
after delivery as the infant has been determined to be 
Rh-positive. Administration should not be delayed be- 
yond 72 hours. However, if it is inadvertently omitted 
it should be given up to 4 weeks after delivery. 

2. Every Rh-negative nonimmunized woman who 
has a spontaneous or induced abortion should be given 
Rh immune globulin unless the father is known to be 
Rh-negative. A dose of 50 pg, if available, will be pro- 
tective in the first trimester. 

3. Every Rh-negative nonimmunized woman under- 
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going amniocentesis should be given one prophylactic 
dose of Rh immune globulin (300 ug) unless the father 
is known to be Rh-negative. The dose should be re- 
peated in 12 weeks if she has not been delivered of her 
infant or in 6 weeks if she has had further amnio- 
centeses. 

4: Every Rh-negative nonimmunized woman should 
-receive one prophylactic dose of Rh immune globulin 
(300 pg) at 28 weeks’ gestation unless the father is 
known to be Rh-negative. The dose should be repeated 
in 12 to 12% weeks if she has not been delivered of her 
infant. l SEE 
5. Every Rh-negative nonimmunized woman who 


has a fetal transplacental hemorrhage exceeding 25 ml . 


of fetal blood should be given at least 300 pg of Rh 
immune globulin for every 25 ml of fetal blood in her 
circulation, unless the father or baby is known to be 
Rh-negative. Four vials (1200 pg) should be given in- 
tramuscularly every 12 hours until the total dose is 
given. 

6. Every Rh-negative woman who has an Rh anti- 
body detectable only by an AutoAnalyzer technique 
should be treated as if she had no detectable Rh anti- 
body. The Rh-negative woman who has an Rh antibody 
detectable by a manual enzyme method and/or weakly 
by an indirect antiglobulin (Coombs) technique will not 
be protected against progressive Rh immunization by 
administration of Rh immune globulin. However, she 
should be treated if the specificity of the antibody is in 
doubt. 
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Maternal death associated with sickle cell trait 


Joseph G. Pastorek II, M.D., and Brenda Seiler, M.D. 


New Orleans, Loutstana 


A case report is presented of a patient with sickle cell trait who died an abrupt intrapartum death precipitated 
by probable peripartel cardiomyopathy and apparently aggravated by intravascular sickling. Notable 
autopsy findings included massive sicklemia in all organ systems. (AM J OgsteT GYNECOL 1985;151:295-7.) 


Key words: Sickle cell trait, maternal death, peripartal cardiomyopathy 


Sickle cell trait has been reported only twice as a 
complication of pregnancy leading to maternal death: 
a sudden death in an eclamptic patient! and death due 
to massive postpartal pulmonary embolus.’ It is gen- 
erally accepted, however, that an increased incidence 
of urinary tract infection and pyelonephritis does ac- 
company sickle cell trait in pregnancy. 

The following is the report of a case managed on the 
Louisiana State University Obstetrics Service of the Ear! 
K. Long Memorial Hospital in Baton Rouge, Louisiana: 


Case report 


A 17-year-old black primigravid adolescent was fol- 
lowed up from 18 weeks’ gestation with mild anemia 
and confirmed sickle cell trait. At 36 weeks’ gestation 
she presented with a blood pressure of 130/70 mm Hg 
(previously 118/70 mm Hg) and proteinuria (3+). The 
patient was treated with bed rest. 

. At37 weeks she presented with ruptured membranes 
for 4 hours. She had no bleeding or contractions but 
admitted to a cough for 2 weeks and “feeling hot” for 
1 week. The blood pressure was 148/90 mm Hg; res- 

pirations, 24 per minute; irregular pulse at 90 bpm, 
and oral temperature, 99.4° F. Breathing was unla- 
bored, although ske was intermittently coughing up 
pinkish sputum. Auscultation revealed rales in both 
lower lung fields and an irregular heart rate. Uterine 
size was consistent with 36 to 37 weeks, and the fetal 
heart rate was 160 bpm. The cervix was thick and 
closed, with leaking membranes. There was slight pre- 
tibial edema and reflexes were 1+/4+ without clonus. 

Admitting diagnoses were: (1) Intrauterine preg- 
nancy of about 36 to 37 weeks, (2) premature rupture 
of the membranes, (3) preeclampsia, (4) cardiac ar- 
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rhythmia, and (5) pneumonia or pulmonary edema. 
Pitocin induction of labor was initiated and magnesium 
sulfate was administered. Laboratory results were: he- 
moglobin, 10.2 gm/100 ml; hematocrit, 31.6%, white 
blood cell count, 11,000/mm?, with normal differential 
count, electrolytes, and clotting studies. Electrocardio- 
gram showed sinus tachycardia with frequent ventric- 
ular premature beats. Chest x-ray film revealed right 
pleural effusion, perihilar edema, a patchy infiltrate in 
the right upper lobe, 'B lines of Kerley, and full left 
cardiac silhouette. Arterial blood gas values were pH, 
7.44; Paco, 29.4 torr; Pao,, 98.9 torr; and bicarbonate, 
19.2. The medical consultant considered pulmonary 
edema secondary to preeclampsia versus atypical pneu- 
monia, along with possible mitral and/or aortic valvular 
disease. Furosemide, hydralazine, erythromycin, and 
lidocaine were administeréd. _ 

Six hours after admission, the cervix was 2 to 3 cm 
dilated and 90% effaced. The patient’s respirations in- 
creased to 40 per minute and the blood pressure was 
160/112 mm Hg. Oxygen was administered. Ninety 
minutes later, marked fetal heart rate declerations oc- 
curred with persistent fetal bradycardia of 40 bpm. 
There was no response to maternal oxygenation or po- 
sition changes. Cesarean section was performed with 
the patient under general endotracheal anesthesia. A 
female infant was delivered with Apgar scores of 1, 6, 
7, and 9 at 1,5, 10, and 15 minutes, respectively. After 
delivery the mother experienced bradycardia, ventric- 


_ ular fibrillation, and asystole. Cardiopulmonary resus- 


citation was performed, but the patient never gener- 
ated a palpable pulse or blood pressure and was 
pronounced dead 60 minutes later. . 

Pertinent autopsy findings included an enlarged 
heart, with the left atrium significantly dilated and the 


. valves within normal limits. Microscopic examination 


showed interstitial myocardial edema,. focal fragmen- 
tation of fibers, minimal lymphocytic infiltration, and 


some eosinophilia in the sarcoplasm; the capillaries con- 


tained sickle cells. The lungs (see Fig. 1) contained pleu- 
ral effusions and foamy, viscid material in the airways 
without obstruction. Microscopic examination showed 
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Fig. 1. Pulmonary alveoli showing extensive vacuolated, eosinophilic, cellular intraalveolar edema 
fluid. There are agglutinated sickle cells within the veins and arteries. (Hematoxylin and eosin stain, 


oi] immersion.) 


vacuolated, eosinophilic, cellular, intraalveolar edema 
fluid with concomitant agglutination of sickle cells in 
the veins and arteries. The kidneys were of normal size 
with a pale cortex and hyperemic pyramids. Micro- 
scopic examination showed diffuse membranous thick- 
ening in most tufts and sickle cells in the glomeruli. 
There was a 2 mm cortical nodule.in the left adrenal; 
the medulla of each gland was partially autolyzed. Ag- 
glutinated sickle cells were present throughout the vas- 
culature. The liver weighed 2100 gm and had a normal 
gross appearance. On microscopic examination, sickled 
and normal erythrocytes were seen within the sinu- 
soids. The brain was diffusely edematous. The patho- 
logic diagnoses were: (1) congestive heart failure with 
acute pulmonary edema, (2) probable cardiomyopathy, 
(3) cerebral edema, (4) shock kidneys, (5) probable early 
pneumonia, (6) small cortical nodule of the adrenal, (7) 
massive intravascular sickling of the internal organs, 
and (8) membranous glomerulonephritis. 


Comment 


Approximately 8% of black Americans have hemo- 
globin AS, or sickle cell trait. Survival in patients with 
AS hemoglobin is similar to that of patients with AA 
hemoglobin.* Studies of exercise tolerance and athletic 
performance in persons with sickle cell trait have not 
shown any compromise in individuals with hemoglobin 
AS. A recent report, however, presented a case of a 
cross-country runner with sickle cell trait who had cen- 
tral nervous system dysfunction, disseminated intra- 
vascular hemolysis, rhabdomyolysis, renal insufficiency, 


and deep venous thrombosis presumably brought on 
by sickling under conditions of extreme stress, lact- 
acidosis, hypoxia, and dehydration. Hematuria, hy- 
posthenuria, and renal papillary necrosis, which are 
common in patients with sickle cell trait, are thought 
to be related to these same causes. 

Besides the present case, two maternal deaths asso- 
ciated with sickle cell trait are reported in the litera- 
ture.''* In these two cases widespread intravascular 
sickling was demonstrated at autopsy. The reports in- 
timated that the sickling phenomenon played a large 
part in the outcomes of these two patients. This as- 
sumption has been debated with the claim that the pres- 
ence of sickle cell trait in these women was merely co- 
incidental, since one in 12 American black women may 
be expected to have hemoglobin AS. 

Our patient fits the varied clinical and autopsy pic- 
ture of peripartal cardiomyopathy. The fact that au- 
topsy revealed massive intravascular sickling does not 
perse prove that the patient died as a result of the sick- 
ling phenomenon; the argument may be made that the 


intravascular sickling was only an agonal event. It is our 


opinion, however, that the patient initially became ill 
because of the cardiomyopathy; when she became suf- 
ficiently hypoxic and acidotic, she developed massive 
intravascular sickling, leading to the final outcome. 

Although sickle cell trait is common during preg- 
nancy, severe problems are rarely attributed to it alone. 
These reported cases, however, indicate that individ- 
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uals with sickle cell trait may indeed experience sickling 
under conditions of severe metabolic stress. The ob- 
stetriclan must therefore consider that a sickle cell trait 
patient who is severely compromised by preexisting dis- 
ease, especially hypoxia, acidosis, or other forms of 
metabolic stress, may possibly undergo sickling which 
hampers or completely foils all efforts to remedy the 
original illness. Whether this assumption is true and 
exactly which patients are at greatest risk await further 
observation and investigation. 


Maternal death and sickle cell trait 
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Trial of labor in the patient with a prior cesarean birth 


Richard H. Paul, M.D., Jeffrey P. Phelan, M.D., and Sze-ya Yeh, M.D. 


Los Angeles, California 


The increasing inciderce of cesarean birth has become quite controversial. The practice of deliverying 
virtually all women with a prior cesarean section by repeat cesarean section is open to debate. In a large 
institutional practice, with rapid availability of all support services, selective attempts to deliver women 
vaginally, after a prior cesarean section, is appealing. A prospective 1-year study on all patients with a prior 
. cesarean delivery commenced July 1, 1982. There were 1209 patients, of whom 751 (62%) underwent a 
trial of labor and 614 (82%) achieved vaginal delivery. There was no maternal mortality or perinatal 
mortality attributed to the trial of labor process. Oxytocin usage occurred in 38% of this population. The 
incidence of uterine rupture ano scar dehiscence was similar in the various study subgroups. The overall 
group of women undergoing a trial of labor had significantly fewer postpartum complications and shorter 


hospital stays. (AM J OBsTET GyNecoL 1985;151 :297-304.) 


Key words: Prior cesarean section, trial labor 


The escalatinig rate of cesarean birth in recent years 
has focused attention on many factors. The relative 
safety of cesarean delivery has prompted a more liberal 
approach to its use with rates of 20% to 30% being 
common in certain institutions.’ Attention of the med- 
ical professions was focused on this topic following the 
National Institutes of Health Consensus Development 
Task Force on cesarean birth. The results of its delib- 
eration were published in October of 1981 

An area of suggested evaluation concerned the preg- 
nancy management and delivery method following a 
prior cesarean birth. “The obstetrical norm of‘ once a 
c-section, always a c-section’ held for more than nine 
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women in ten in 1980, .. ..”® Retrospective reviews have 
demonstrated the relative safety of selectively permit- 
ting vaginal delivery after a cesarean birth.*® A recent 
comprehensive review paper surveyed 30 years of the 
English literature and presented the cumulative out- 
come from approximately 5300 vaginal births following 
a trial of labor.’ The authors state: “Properly conducted 
vaginal delivery after cesarean section is relatively safe, 
with a 0.7% incidence of uterine rupture, 0.9% peri- 
natal mortality, and no maternal deaths due to uterine 
rupture.” 

Recently published studies have demonstrated the 
safety of attempting vaginal delivery following cesarean 
birth in contemporary practice but relatively small 
numbers limit their impact.® ° Of interest is the high 
success of permitting a trial of labor in view of prior 
diagnoses such as cephalopelvic disproportion and 
“failure to progress.” 

In a large delivery service, many factors prompt 
the evaluation of attempting vaginal delivery after a 
prior section. First, the facility with a large volume will 
often have the necessary support services to attempt a 
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Table I. Morbidity measures and hospital stay comparisons for study groups 





Failure, 
cesarean section 


Successful, 
vaginal delivery 


Dehiscence 1] 1.8 5 3.6 
Febrile 14 2.3 37 27 
~.. morbidity 
-Hospital - 2.3 4.3 


stay (days) 


Trial of labor (N = 751) ` 





No trial of labor (N = 458) 


Vaginal Elective Other— 
delivery cesarean section cesarean section 
(n = 40) (n = 261) 


9 5 4 2.5 7 2.7 
9 5 23 25 49 19 
K 4.2 4.3 


Elective repeat cesarean section was performed in 13% of the total population with prior cesarean section. 


trial of labor in what has been defined to be a safe 
fashion. *" Second, the net result of achieving vaginal 
delivery in such patients would be a significant cost- 
saving effect. Third, an increasing number of patients 
are requesting an attempt at vaginal delivery and thus 
patient satisfaction might be achieved. Fourth and fi- 
nally, when several patients who have had a prior ce- 
sarean section are admitted in labor, a more rational 
approach could be undertaken with selective priority 
being assigned to the patient in greatest need of repeat 
cesarean section. 
In order to evaluate the management of patients with 
a prior cesarean section, a retrospective review of pa- 
tients delivered at the Los Angeles County/University 
of Southern California Medical Center was performed 
for the year 1980. Following this evaluation it was con- 
cluded that the procedure of a trial of labor was not 
associated with unacceptable risk or major catastrophic 
complications for the mother or fetus.'? Thus, a more 
liberal approach toward offering a trial of labor to pa- 
tients with a prior cesarean section commenced in July, 
1982. The purpose of this report is to provide obser- 
vations and outcome measures related to the first year 
of this ongoing prospective evaluation. 


Material and methods 


All patients in this evaluation were delivered at the 
Los Angeles County/University of Southern California 
Medical Center at Women’s Hospital, which 1s the teach- 
ing institution of the University of Southern California. 
During the I-year period of July, 1982, through June, 
1983, there were 16,200 births in this facility, which 
primarily serves patients of a low socioeconomic class. 
Trial of labor following a prior cesarean section was 
activity endorsed with the exception of the following: 
(1) patients having had a known previous classical uter- 
ine incision; (2) those having had more than one pre- 
vious cesarean section; (3) those with multiple gesta- 
tion; and (4) patients having a malpresentation other 
than breech. The previous medical records and histor- 


ical information were often difficult to obtain and pa- 
tients often presented for care late in pregnancy. Often 
the previous delivery had been in Mexico or Latin 
America and the patients’ recollection and language 
may have compromised the accuracy of these data. 
However, eligible patients were instructed regarding 
the known risks and benefits of a‘trial of labor and 
given the option to undergo a trial of labor or have a 
repeat cesarean delivery. A limitation within our insti- 
tution was that only a single elective cesarean section 
could be scheduled on four weekdays. Thus most pa- 
tients electing cesarean section were admitted after on- 
set of early labor or spontaneous rupture of the mem- 
branes. Intrapartum care was provided by the house 
staff in consultation with staff faculty as necessary. Pa- 
tients received routine nursing care, and continuous 
electronic monitoring was used to provide fetal heart 
rate and uterine activity information. Immediate post- 
partum iritrauterine examination was routinely done 
in an attempt to find uterine dehiscence in those pa- 
tients who achieved vaginal delivery. Dehiscencé was 
defined as a palpable and/or visualized uterine defect. 
It was further subgrouped into dehiscences that re- 
quired no intervention and those that did require in- 
tervention, which were termed uterine rupture. 

Initial data were collected from the patient’s chart, 
logbooks, and house staff while the patient remained 
in the hospital and a code sheet was completed for data 
entry. Statistical evaluation was by x? analysis. 


Results 


During the study year, a total of 1776 (11%) cesarean 
sections were performed in the 16,200 women deliv- 
ered. Overall, there were 1202 primary (7%) and 555 
repeat (4%) cesarean sections. This includes patients 
who underwent a repeat cesarean section for the fol- 
lowing reasons: failed trial of labor, 137; elective repeat 
cesarean section, 157; and repeat cesarean section in 
labor without a trial, 261. The total number of patients 
having had one or more prior cesarean births was 1244 
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Fig. 1. The reasons for previous cesarean section in patients undergoing a trial of labor and suc- 


ceeding in vaginal delivery are given. * = p < 0.05. 
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Fig. 2. The outcome of trial of labor in patients with a previous cesarean section for cephalopelvic 


disproportion is depicted. 
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Fig. 3. The outcome of trial of labor in patients with a previous cesarean section for breech pre- 


sentation is depicted. 


or 7.7% of the total births. Of the 1244 patients with 
a prior cesarean section, 35 patients were excluded for 
the following reasor:s: multiple gestation, nine, and un- 
known intent as to a patient’s desire for a trial of labor, 
26. Multiple gestations were excluded because on sev- 
eral occasions the second twin was delivered by cesarean 
section following the vaginal delivery of the first infant. 
The numbers of prior cesarean sections for these 1209 
patients were one, 923; two, 226; three, 52; and four 
or more, eight. Of the 1209 study patients (Table I), 
751 (62%) elected ta undergo a trial of labor. Sixty-two 
patients who met criteria for a trial of labor elected to 
undergo a repeat cesarean section. In the trial of labor 
group, these patients had the following number of 
prior cesarean sections: one, 726; two, 23; three, two. 
Overall, 592 patients (79%) who underwent a trial of 
labor had an unknown type of uterine scar. Six hundred 
fourteen (82%) of these patients were delivered vagi- 
nally. One hundred thirty-seven women had failure of 
a trial of labor and underwent cesarean section. The 
most common indication for cesarean section was ce- 


phalopelvic disproportion/failure to progress occur- 
ring in 79 patients (58%). A successful trial of labor by 
the number of prior cesarean sections was as follows: 
one, 82%; two, 70%; three, 100%. During a trial of 
labor, 86 (12%) patients received an epidural anes- 
thetic. In the remaining 458 patients who did not un- 
dertake a trial of labor, 40 (9%) were delivered vaginally 
prior to our being able to perform a cesarean section. 

Trial of labor 

Previous indications. The success rates of trial of labor 
as it relates to previous indications for cesarean section 
are shown in Fig. 1. The group with the significantly 
lower success rate, compared to all others, was in the 
group of women who had had a prior cesarean delivery 
for failure to progress or cephalopelvic disproportion 
(FTP/CPD) (Fig. 2). This was the most common pre- 
vious indication, yet 77% of the women with this pre- 
vious diagnosis achieved vaginal birth. The significantly 
highest success rate, 91%, occurred in the 135 patients 
with a previous indication of breech presentation (Fig. 
3). The trial of labor results in patients having previ- 
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Fig. 4. The outcome of trial of labor in patients with a previous cesarean section for fetal distress 
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8 FETAL DISTRESS 10 
26 14 


Fig. 5. The outcome of patients that received oxytocin during a trial of labor is contrasted with the 


group that did not. * = p < 0.05. 


ously had a cesarean birth for fetal distress are pre- 
sented in Fig. 4. It should be noted that the incidence 
or recurrence of fetal distress in this group was not 
different from that in those patients with other indi- 
cations for previous cesarean section. 

Oxytocin administration. Oxytocin was administered to 
289 (38%) patients electing to undertake a trial of labor. 
Thirty-two patients underwent indicated induction of 
labor and 257 received oxytocin augmentation in order 
to achieve adequate uterine activity. Vaginal delivery 
was achieved in 23 cases with induction (72%) com- 
pared to 177 cases with augmentation (69%, NS). The 
success rate of achieving vaginal delivery in all patients 
receiving. oxytocin was significantly less than that in 
those who did not receive oxytocin (Fig. 5). 

Prior vaginal delivery. The outcome of patients un- 
dergoing a trial of labor with a prior vaginal birth is 
depicted in Table II. The success rate of women having 
had a prior vaginal birth was significantly better 
(p < 0.05) than that in those who had not had a pre- 
vious vaginal delivery (88% and 78%, respectively). 
When the previous vaginal birth occurred subsequent 
to a cesarean delivery the success rate was 94% 
(p < 0.01). 

Current pregnancy outcome. 

Breech presentation in current pregnancy. There were a 
total of 72 patients with breech presentations in this 


pregrancy (Fig. 6). Of these, 13 (18%) underwent a 
trial of labor. Vaginal delivery was achieved in six (46%). 
Overall, patients with breech presentations had the low- 
est incidence of a trial of labor (13 of 72, 18%), suc- 
cessful trial of labor (six of 13, 46%), and vaginal de- 
livery (seven of 72, 9.7%). 

Fetal distress in current pregnancy. There were 25 pa- 
tients in whom cesarean delivery occurred for the di- 
agnosis of fetal distress in the current pregnancy (Fig. 
7). Exghteen of these deliveries for fetal distress oc- 
curred in patients undergoing a trial of labor and seven 
in the group in whom cesarean delivery was planned. 
Of the seven patients in whom the diagnosis of fetal 
distress was coded, a further evaluation was attempted 
to define the urgency of cesarean section. The criterion 
chosen was the preoperative skin preparation which 
was termed “emergent.” Two of the seven patients had 
such an “emergent” skin preparation. Thus two emer- 
gency cesarean sections occurred in the 458 patients 
with planned cesarean section, an incidence of 0.4%. 

Of the 18 cases of fetal distress occurring during a 
trial of labor, seven cases were termed emergency on 
the basis of the skin preparation.. Thus seven of the 
751 (0.9%) undergoing a trial of labor required an 
emergency delivery. The occurrence of fetal distress in 
the trial of labor group was not significantly different 
from that in the group of women in whom cesarean 
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Fig. 6. The outcome of patients with a breech presentation in the current pregnancy is depicted. 


Table II. The effect of a previous vaginal delivery on a subsequent trial of labor 


No. of prior vaginal births 


With vaginal With vaginal 
. delivery delivery 
Tine of vaginal br No. No. ; z 
Prior to cesarean section 552 443 80 169 144 85 
(n = 721) 
After cesarean section 600 473 79 119 112 94* 
(n = 719) 
*p < 0.01. 


section was planned. However, the best approach at 
resolving this issue would be to contrast a group of prior 
cesarean section patients undergoing a trial of labor 
with a group of patients wthout a uterine scar. This 
study is currently underway. 

Perinatal outcome. There were seven fetal deaths and 
nine neonatal deaths in the entire study population for 
a perinatal mortality rate of 13/1000 births. This peri- 
natal death rate is less than the institutional rate of 18/ 
1000. 

Of the seven fetal deaths, six occurred during the 
antepartum period and one occurred during the in- 
trapartum period. The single intrapartum fetal death 
happened in a patient at 22 weeks’ gestation who sub- 
sequently was delivered of a 540 gm stillborn breech 
infant. 

Four of the six antepartum deaths occurred with no 
uterine dehiscence at 35, 40, 41, and 42 weeks of ges- 
tation. All four of these patients were permitted a trial 
of labor with three delivered vaginally and the fourth 
undergoing repeat cesarean section after an arrest of 
dilatation with the delivery of a 4350 gm infant. The 
cause of the fetal deaths in these four patients was 
unexplained. 

In two additional cases, fetal death was associated 
with a major uterine rupture. The details of these cases 
are presented under the Dehiscence subheading. It 
should be noted thar neither of these fetal deaths was 
associated with a trial of labor and both were judged 
to be preterm. 


Of the nine neonatal deaths, five occurred in infants 
that weighed <700 gm at birth. The four neonatal 
deaths in larger infants were all associated with multiple 
anomalies and included an infant with trisomy, and 
anencephalic infant, one with a single ventricle and 
transposition of the great vessels, and one with multiple 
congenita] anomalies. Two underwent an elective re- 
peat section, and two had a trial of labor. In the latter 
two patients, one underwent repeat cesarean section 
during an attempted induction as a result of the oc- 
currence of fetal bradycardia, and the other was deliv- 
ered vaginally of an anencephalic infant. 

In summary, nine of the 16 perinatal deaths occurred 
preterm by gestational age or birth weight. Six of these 
deaths occurred in overtly immature infants as judged 
by birth weights <700 gm. 

Seven gestations were judged term with four deaths 
attributable to congenital anomalies. Three unex- 
plained term fetal deaths represent a corrected peri- 
natal mortality rate of 2.5/1000. 

Maternal outcome. Some of the factors relating to ma- 
ternal outcome are listed in Table I. It may be noted 
that the hospital stay associated with vaginal delivery 
was 2.3 days compared to 4.3 in those patients who 
underwent cesarean section. 

Standard febrile morbidity was significantly less in 
patients achieving vaginal delivery than in patients un- 
dergoing cesarean birth (x? = 85). When patients un- 
dergoing cesarean birth following a trial of labor were 
compared with those in the group without a trial of 
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Fig. 7. Cesarean section intervention for. all patients is pre- 
sented. The overall need for an emergency procedure was 


0.7%. 


labor, the incidence of febrile morbidity was signifi- 
cantly higher (x? = 6.26). However, when the entire 
trial of labor group was compared with those not un- 
dergoing a trial, the febrile morbidity was significantly 
less (x? = 27) in the trial of labor group. 

Dehiscence. The total occurrence of uterine scar sep- 
aration was 2.4% (Table I). The incidence of dehiscence 
following vaginal delivery was comparable to that 
found at cesarean section. The incidence of dehiscence 
was no greater for those patients having undergone a 
trial of labor with failure than for those receiving no 
trial. Further subgroup evaluation failed to reveal any 
significant differences, that is, in oxytocin usage, pre- 
vious indication for cesarean section, or number of 
prior cesarean sections. 

In order to better define the denhan of uterine 
dehiscence, cases with this complication were analyzed 
in detail and divided into two groups. Those cases with 
a uterine scar separation that required operative inter- 
vention were termed uterine rupture. The five cases 
that were considered uterine rupture are as follows: 


Case 1. A 32-year-old, para 4 woman presented with 
abdominal pain at 28 weeks’ gestation with three prior 
cesarean sections. Evaluation of the patient demon- 
strated fetal death. At laparotomy, the fetus and pla- 
centa were found in the abdominal cavity, and a com- 
plete rupture of a previous classical incision was noted. 
The weight of the fetus was 2800 gm and the rupture 
was repaired. The. patient had an uneventful postop- 
erative course. | 

CASE 2. A 22-year-old, para 1 woman presented at 
32 weeks’ gestation complaining of abdominal pain. 
The patient was hypotensive and fetal death was di- 
agnosed. Exploratory laparotomy demonstrated that 
the fetus and placenta had been expelled into the ab- 
dominal cavity. The fetus weighed 2160 gm and a uter- 
ine rupture had occurred through a prior fundal in- 
cision. The wound was closed and the patient had an 
uneventful postoperative course. 

Case 3. A 28-year-old, para 2 woman presented in 
labor at term with an unknown type of previous scar. 
The patient had an uneventful trial of labor and was 
delivered of a 3700 gm infant with Apgar scores of 9 
and 9. Because of a retained placenta and persistent 
postpartum bleeding, an exploratory laparotomy was 
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performed. A uterine rupture was found in the fundus 
extending from one round ligament to the other and 
evidence of a placenta accreta was apparent. The 
wound edges were resected, then reapproximated and 
closed. The patient had a benign postoperative course. 

Case 4. A 21-year-old, para 1 woman with a prior 
cesarean section for cephalopelvic disproportion pre- 
sented at 42 weeks’ gestation in active labor. The patient 
received oxytocin augmentation for inadequate uterine 
activity and subsequently had an arrest of dilatation at 
5 cm. The patient was taken to the operating room for 
a repeat cesarean section with an examination revealing 
no further progress and, as per usual practice, an at- 
tempt to elevate the head was performed. At cesarean 
delivery the head and shoulders had been expelled 
through a low transverse uterine rupture. Apgar scores 
were 2 and 9 and the birth weight was 4260 gm. The 
uterine wound was closed in the usual fashion. The 
maternal and neonatal hospital courses were benign. 

Cast 5. A 19-year-old, para 1 woman with a prior 
cesarean section for cephalopelvic disproportion pre- 
sented in labor at 39 weeks’ gestation. During the trial 
of labor severe variable decelerations were encoun- 
tered. Normal scalp pH values were obtained. An emer- 
gency cesarean section was subsequently performed for 
a persistent fetal bradycardia. At cesarean section, the 
umbilical cord had prolapsed through a complete low 
transverse uterine rupture. The infant weighed 3240 
gm and had Apgar scores of 2, 6, and 7. The maternal 
and neonatal postoperative courses were uncompli- 
cated. 


Hysterectomy. Seven hysterectomies (0.6%) were per- 
formed in the entire study group. Of these, two hys- 
terectomies were performed in patients who had failure 
of a trial of labor. At cesarean section, both patients 
had intact scars: hysterectomy was necessary for hem- 
orrhage and atony. There were five hysterectomies per- 
formed in patients who had a planned cesarean section. 


One occurred in a patient undergoing an elective re- 


peat cesarean section with the findings of a complete 
scar separation and placenta percreta. In the four re- 
maining cases the indications were hemorrhage sec- 
ondary to laceration extending into the vagina at the 
time of cesarean section in one, placenta accreta in one, 
and hemorrhage and uterine atony in two. No patient 
who was delivered vaginally underwent a hysterectomy. 


Comment 


The ever-increasing number of patients having un- 
dergone a prior cesarean section presents a challenge 
in ar: institution such as ours regarding management 
of subsequent deliveries. An active approach offering 
a trial of labor based on the confidence that such a 
course is relatively safe seems to provide benefits to the 
patient group as a whole. Our confidence in offering 
a trial of labor based may well be reflected in the un- 
usually high acceptance rate (92%) in our population 
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who were candidates for a trial of labor in contrast to 
that experienced by others." 

It would appear that the indication for a prior ce- 
sarean section bears little influence as it relates to the 
success of achieving a vaginal delivery in a current preg- 
nancy. Patients having had a diagnosis of cephalopelvic 
disproportion achieved vaginal delivery 77% of the 
time. It would thus appear reasonable to permit vir- 
tually all requesting patients, who qualify, to have a trial 
of labor irrespective of the previous indication for ce- 
sarean section. 

Factors that are associated with an enhanced prob- 
ability of vaginal delivery are a prior vaginal delivery 
and breech presentation as the prior indication for ce- 
sarean birth. 

The use of oxytocin in patients wishing z trial of labor 
must still be further assessed. One must caution that 
administration of oxytocic agents must be precise via 
the use of infusion pumps and coupled with careful 
electronic monitoring of the fetus and mother. The 
major complication, uterine rupture, in a patient who 
had received oxytocin (Case 4) may have been related 
to the obstetric manipulation prior to cesarean section 
but the association with oxytocin administration cannot 
be ignored. 

The apparent dehiscence incidence was higher at ce- 
sarean section than following vaginal delivery. This is 
likely related to the inaccuracy of diagnosis following 
a vaginal delivery as opposed to the direct visualization 
at laparotomy. The dehiscence rates at cesarean section 
were no different in patients who had undergone a 
trial of labor as compared to those in whom the pro- 
cedure was done electively. Evaluation of the subgroups 
of patients with dehiscence for factors such as oxytocin 
administration, previous diagnosis of cephalopelvic dis- 
proportion, and a previous repeat cesarean section 
failed to reveal a different rate of dehiscence. Dehis- 
cences found at cesarean section were routinely re- 
paired. The 11 dehiscences found following vaginal 
delivery were not repaired with the exception of Case 
3 in which there was a uterine rupture. 

The uterine ruptures noted in the case presentations 
were associated with prior fundal or classical incisions 
in three of the five circumstances. We would thus rec- 
ommend that patients with known fundal (classical) in- 
cisions not be permitted a trial of labor. Even so, two 
of these three patients had preterm uterine rupture. 
The etiology of such ruptures remains obscure, and 
subsequent pregnancy management presents a di- 
lemma. The third fundal rupture was probably the re- 
sult of attempts to remove a retained placenta following 
a successful vaginal delivery. | 

The questions relating to subsequent pregnancy 
management following the observation of a dehiscence 
or low-segment defect after vaginal delivery remains 
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an open question. Our policy has been not to repair 
such defects unless significant bleeding is encountered. 
We are currently attempting to evaluate pregnancy 
management and outcome in such patients. 

Further evaluation of a trial of labor in patients who 
have had more than one previous uterine incision and 
low vertical uterine incisions is indicated. Total expe- 
rience in our institution numbers about 50 patients with 
no serious complications in this limited experience. The 
continued evaluation of low vertical scars is of increas- 
ing importance with the increasing trend to deliver very 
low—birth weight infants by cesarean section through 
a vertical uterine incision which often extends beyond 
the lower segment. 

Perinatal mortality and morbidity occurred in our 
study population. Three of the fetal deaths in this study 
group would probably have been prevented by routine 
elective cesarean section had the procedure been done 
at 39 weeks. This study does not attempt to compare 
the outcome of elective repeat cesarean section at 39 
weeks versus an approach endorsing a trial of labor. 
From the standpoint of fetal risks, a trial of labor will 
most likely be associated with some increase in fetal 
morbidity. However, this morbidity is not likely. to be 
increased over that of any other group of laboring 
women. Nonetheless, more study is needed in this area 
to adequately define the risks to the fetus. 

The topic of the occurrence of fetal distress and the 
need for emergency intervention is one of major con- 
cern. The incidence of fetal distress during a trial of 
labor and emergency delivery for this condition was 
not statistically different from that occurring in the 
group in whom repeat cesarean delivery was planned 
and who had been permitted to enter “early labor.” 
Additionally, the occurrence of fetal distress in the 
group of patients having had a prior cesarean section 
for fetal distress was not increased. 

In view of these findings one may question if women 
undergoing a trial of labor truly require more imme- 
diate availability of extensive obstetric services than 
women without a uterine scar. One might ask what 
services should be available in “every modern obstetric 
unit”?! 

The overall febrile morbidity in the group under- 
going a trial of labor, including failures, was lower than 


-in the group having cesarean birth. The febrile mor- 


bidity in patients having a failed trial was significantly 


higher than in those undergoing elective repeat cesar- 


ean section. However, it was equivalent to that in the 
group of women having primary cesarean birth in our 
institution. 

It would appear that the major complications and 
adverse events within this study population all having 
had a prior cesarean birth were not-definitively asso- 
ciated with the process of trial of labor. We thus feel 
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confident that the continuation of this approach within 
our institution is justified. Specific areas of future in- 
vestigation will include the option of trial of labor in 
patients with more than one prior uterine incision, the 
further evaluation of oxytocin administration, and an 
evaluation of permitting a patient with a previously 
known low vertical scar to undergo a trial of labor. In 
addition, it will be of interest to evaluate subsequent 
delivery management and outcome in patients who 
have had a known dehiscence, following vaginal deliv- 
ery, which was not repaired. 

In summary, an active program for trial of labor with 
certain exclusions and within our facility seems ac- 
ceptably safe. Our overall success rate is similar to that 
of others* ° even though our inclusion criteria were 
much more liberal. A trial of labor approach decreases 
the total number of cesarean births, resulting i in a less 
expensive and shorter hospital stay. Additionally, the 
resources of the blood bank, nursing care, and anes- 
thesia services are economized. Future studies will 
hopefully define better the relative benefits and risks 
with an expansion of this approach. 
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Antepartum assessments of amniotic fluid volumes and their relationship to nonstress test patterns and 
pregnancy outcomes were retrospectively analyzed in 234 postdate pregnancies. The incidence of clinical 
oligohydramnios and a nonstress test revealing fetal heart rate deceleration or bradycardia was found to 
increase as the sonographic estimates of the amniotic fluid volume decreased. Furthermore, the postdate 
pregnancy with sonographic evidence of an adequate amniotic fluid volume had a significantly better 
perinatal outcome than the pregnancy without an adequate fluid volume. These results suggest that the 
postdate pregnancy with evidence of reduced amniotic fluid volume should be considered for a trial of 
labor with continuous electronic fetal monitoring. (Am J Osstet GYNECOL 1985/1514 7304-8.) 
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a4 


Biophysical techniques for assessment of fetal status 
have made major contributions to the reduction of 
perinatal morbidity and mortality during the past de- 
cade. Initially, intrapartum fetal heart rate monitoring! 
provided important insights into the fetal condition, 
and antepartum fetal heart rate monitoring was devel- 
oped from these observations.” While these techniques 
continue to aid the clinician, ultrasonography has en- 
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abled us to assess more effectively the fetus and, its 
intrauterine environment. As a result, the uses of 
ultrasonography kave grown considerably and have 
been extended to include the evaluation of fetal 
status.° 

With the EEN of- the fetal biophysical 
profile,‘ antepartum fetal heart rate testing and real- 
time ultrasonography have been integrated into a sin- 
gle dynamic assessment of fetal well-being. An impor- 
tant component of the profile has been the defining of 
amniotic fluid volume and its relationship to fetal 
growth and development. For example, decreased 
amniotic fluid volume has been shown to be a reliable 
predictor of intrauterine growth retardation and clini- 
cal oligohydramnics.5 

The relationship between ultrasound estimates of 
the amniotic fluid volume and the fetal heart rate pat- 
tern has not been previously described. However, re- 
cent evidence by Flatt et al. would suggest a sizable 
increase in perinatal morbidity in high-risk pregnan- 
cies found to have ultrasonic evidence of a reduced 
amniotic fluid volume. We thus investigated whether 
pregnancies without an adequate amniotic fluid vol- 
ume would be more susceptible to umbilical cord com- 
pression’ and would result in an increased incidence of 
variable decelerations during antepartum fetal heart 
rate testing. We therefore retrospectively reviewed the 
pregnancy outcomes and antepartum fetal heart rate 
patterns for postdate pregnancies with sonographic 
assessments of amniotic fluid volume at the Los An- 
geles County/University of Southern California Med- 
ical Center between July 1, 1980, and Jume 30, 
1981. 


Material and methods 


The records of patients with postdate pregnancies 
who underwent biophysical testing in the Fetal Assess- 
ment Unit of the Medical Center and were delivered 
within 7 days of their last evaluation were included in 
this report. During this period the management of thẹ 
postdate pregnancy was primarily in accordance with 
the previous report by Yeh and Read.® Biophysical as- 
sessment of fetal status was made with the use of the 
nonstress test and the fetal biophysical profile. 

Guidelines for the performance, interpretation, and 
management of the nonstress test at our institution 
have been previously described.® Patients with fetal 
heart rate bradycardia revealed on the nonstress test, as 
described by Druzin et al.,® were evaluated for delivery. 
As part of the current investigation, fetal heart rate 
decelerations were defined as a decline in the fetal 
heart rate of =15 bpm lasting 15 seconds in response to 
fetal movements. Fetal heart rate decelerations in as- 
sociation with uterine activity were interpreted in the 
usual manner. Decelerations that immediately followed 
an acceleration were excluded.” | 
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Amniotic fluid volume measurements were based on 
assessments of the amniotic fluid volume by use of 
linear-array real-time B-scan ultrasonography. Fluid 
throughout the cavity with the largest pocket >I cmin 
its vertical diameter was considered an adequate am- 
niotic fluid volume or norm (group 1). During the 
study period a group of patients were identified who 
had adequate fluid by quantitative measurements (>1 
cm pocket), but the overall impression of the sonog- 
rapher was that the fluid was decreased for the 
postdate population. This latter assessment of amniotic | 
fluid volume’ was referred to as adequate but de- 
creased® (group 2). Absence of fluid throughout the 
cavity and a single amniotic fluid pocket of <1 cm 
characterized the group considered decreased? (group 
3). All amniotic fluid volume determinations were done 
by specially trained antepartum nurses. When it was 
possible, abnormal scans were confirmed by the ob- 
stetric attending staff. During the study period, post- 
date patients with a decreased amniotic fluid volume 
(group 3) were considered for delivery; however, like 
groups ] and 2, they were managed According to their 
nonstress test results, 

Pregnancy outcome was measured by the incidence 
of the following: fetal distress that required cesarean 
delivery, meconium passage, Apgar scores of <7 at I 
and 5 minutes, postmaturity syndrome, and oligohy- 
dramnios. 

. Postmaturity, as determined by the clinical evalua- 
tion by the neonatologists, was indicated when either of 
the following groups of criteria was noted: (1) neonatal 
examination indicating signs of postmaturity, such as 
dry and peeling skin, loss of subcutaneous tissue, and 
long nails, or (2) Rohrer’s ponderal index (100 x 
weight in grams/length in centimeters)? of <2.3 and 
meconium-stained fluid. 

Oligohydramnios was based on the clinical estimates 
of the quantity of amniotic fluid at the time of am- 
niotomy and/or delivery as recorded in the hospital 
records. . 

Statistical analysis was done with the use of x” analysis 


and Student's ¢ test. Significance was considered with 
p < 0.05. 


Results 


During the study period 236 postdate pregnancies 
were evaluated and a total of 501 fetal biophysical 
profiles were completed for these patients. In 191 
pregnancies (81%), sonographic evidence of an ade- 
quate amniotic fluid volume was found in 428 exami- 
nations (85%). In the last examination of 45 patients 
the amniotic fluid volume was described as adequate 
but decreased in 38 (84%) and decreased in seven 
(16%). Based on the last sonographic estimates of the 
amniotic fluid volume, the incidence of antepartum 
fetal heart rate tests with fetal heart rate decelerations 
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Table I. Relationship between amniotic dace volume and p enan outcome in 236 postdate pregnancies 


Amniotic fluid volume 


eee a % 


No. and percent 19] 
Cesarean delivery 31 
Cesarean delivery for fetal distress 4 
Meconium "AA 
Oligohydramnios E 
Apgar score <7 

l minute 3] 

5 minutes 5 
Birth weight >400 em 46 
Postmaturity 28 
Bradycardia® 4 
Deceleration or bradycardia ` 40 
Birth weight (gm) 3632 + 529 
Placental weight (gm) 679 + 143 
Profile-to-delivery interval <2 days 39 

*p < 0.01. 
fp < 0.05. 


and/or bradycardias was inversely proportional to the 
sonographic estimates of the amniotic fluid volume: 
group 1, 21%; group 2, 44.7%; group 3, 71%. A similar 
but less dramatic trend was observed with respect to the 
incidence of nonreactive nonstress testing (group 1l, 
11.6%; group 2, 21.0%; group 3; 33.3%). Finally, the 
incidence of clinical oligohydramnios correlated with 
the sonographic estimates of the amniotic fluid volume: 
group 1, 6.8%; group 2, 29.0%; group 3, 86%. 
Pregnancy outcomes for the three groups are illus- 
trated in Table I. The groups were comparable with 
respect to birth and placental weights. However, group 
3 was found to have the lowest mean weights. With the 
exception of 5-minute Apgar scores, groups 2 and 3 
had a significant increase in perinatal morbidity when 
compared with group 1. There were no perinatal 
deaths. If group 1 is excluded and groups 2 and 3 are 
compared, group 3 had a significantly greater (p < 
0.05) incidence of oligohydramnios and 1-minute 
Apgar scores <7 and the least favorable outcome. - 
Cesarean delivery for fetal distress was significantly 
more common in groups 2 and 3 (Table I). The reason 
for the fetal distress was primarily fetal heart rate 
bradycardias, either alone or in combination with other 
fetal heart rate deceleration patterns. Cesarean deliv- 
ery for late decelerations, either alone or in combina- 
tion with a fetal heart rate bradycardia, was necessary 
in four of 13 instances (30.8%). For the three groups 
the overall incidence of late decelerations that required 
cesarean delivery was as follows: group 1, 0.5%; group 
2, 5.2%; group 3, 16.7%. On a percentage basis, pres- 
ence of meconium-stained amniotic fluid was inversely 
proportional to the amount of amniotic fluid (Table I). 


81 
16 
9 
37 
7 


16 
2 
24 


16 7 3 
fi 29 3 43 
6 16 3 43 
23 61* 5 71 
11 29% 6 86+ 
12 32+ 6 86t 
l 3 2 29 
6 16 0 0 
11 29 ] 14 
4 Lt l 14 
17 45% 5 71 
3503 ‘+ 477 3138 + 259 
682 + 158 673 + 178 
100 


18 47 7 


Although mecontum aspiration was greater in groups 2 
(10.5%) and 3 (16.7%) than in group 1 (7.3%), these 
results were not statistically different. 

During the study period, two fetal deaths e 
for an overall incidence in this postdates population of 
0.8%. One death occurred in group 1 (1 of 191 or 
0.5%) and the other in group 3 (1 of 7 or 14%). In the 
patient from group 1 with an adequate amniotic fluid 
volume, the last two nonstress tests were reactive and 
exhibited fetal heart rate decelerations. Later the same 
day cf the last nonstress test, fetal death was diagnosed. 
At delivery, a 3900 gm stillborn infant was delivered 
vaginally and found to have a true knot in the cord. No 
autopsy was performed. In the second case, the patient 
had evidence of a decreased amniotic fluid volume on 
five consecutive visits. The nonstress test was reactive 
and the fetal biophysical profile score was 8 at each visit 
except one. At that time, she had a reactive nonstress 
test with a single late deceleration and a biophysical 
profile score of 8. Two days after the last fetal evalua- 
tion (a reactive nonstress test and decreased amniotic 
fluid), fetal death was noted. She was subsequently de- 
livered of a 2600 gm stillborn infant. A velamentous 
insertion of the cord was recorded. No autopsy was 
performed. | 

The most dramatic observation predicting an ad- 
verse outcome was seen in group 3, the group with 
decreased amniotic fluid volume, which occurred in 
seven patients (3.0%). The pregnancy outcomes for 
this group are also illustrated in Table I. Three patients 
required cesarean delivery because of intrapartum 
fetal. distress. For these three patients the intrapartum 
fetal heart rate pattern that necessitated operative in- 
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tervention was a persistent fetal heart rate bradycardia. 
However, one of the three patients had late decelera- 
tions that antedated the bradycardia. The other two 
patients did not exhibit late decelerations. Despite a 
high predictive accuracy of oligohydramnios (86%), 
only one infant had evidence of postmaturity syndrome. 


Comment 


Real-time ultrasonography has been advocated as a 
reliable technique for the detection of oligohydram- 
nios and postmaturity.” In the current investigation 
we expanded our earlier sonographic criteria’ for the 
diagnosis of oligohvdramnios to include those postdate 
pregnancies that had adequate fluid by the criteria of 
Manning et al.® but in which amniotic fuid volume was 
subjectively decreased. Sonography for this group of 
patients, in whom the fluid was previously described as 
adequate but decreased, was found to be a fairly reli- 
able predictor of the amniotic fluid volume and 
postmaturity. 

Clinical reliance on this subjective assessment of 
amniotic fluid volume could lead to numerous clinical 
problems. For example, by this clinical approach, 17 of 
30 cases (57%) of clinical oligohydramnics were accu- 
rately predicted, but this positive predictive accuracy 
was at the expense of specificity. The false positive rates 
for the groups with decreased amniotic fluid volume 
(group 3) and adequate but decreased amniotic fluid 
volume (group 2) were 14% and 71.0%, respectively. 
The high false positive rate in group 2 may be due to 
the failure to quantify the sonographic estimates at the 
time of testing or to record accurately the amniotic 


fluid volume at the time of amniotomy or delivery by. 


the house staff. At the same time the failure to detect 
oligohydramnios in the group with adequate amniotic 
fluid volume (6.3%) could possibly be related to the 
longer profile-to-delivery interval in this group. As a 
result, more amniotic fluid could have been reab- 
sorbed, which might have been detected by more fre- 
quent assessments of the amniotic fluid volume. 

With regard to antepartum prediction for pregnan- 
cles with evidence of postmaturity, Rayburn et al." 
have suggested that a decreased amniotic fluid volume 
was a reliable predictor. In their series, 83% of the 
postdate pregnancies with this sonographic finding re- 
sulted in delivery of a postmature infant. This is in 
marked contrast to the current study in which only one 
of seven patients (14%) with decreased amniotic fluid 
volume were delivered of an infant with evidence of 
postmaturity. Although inclusion of a larger amniotic 
fluid volume did enhance the predictive accuracy of 
whether an infant was postmature, there did not ap- 
pear to be a consistent relationship between evidence of 
postmaturity in an infant and the sonographic estima- 
tion of the amniotic fluid volume. 
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Nevertheless, real-time ultrasound assessment of the 
amniotic fluid volume was a fairly reliable predictor of 
the quantity of the amniotic fluid and fetal status. For 
example, in previous reports that dealt with decelera- 
tions on the nonstress test,” it had been hypothesized 
that the amniotic fluid volume and the position of the 
umbilical cord were largely responsible for the higher 
incidence of these fetal heart rate decelerations. In the 
postdate pregnancy, the infant ts frequently larger and 
there is less amniotic fluid as the pregnancy advances.” 
As a result, the umbilical cord is not able to readily 
escape compression or impingement during a fetal 
movement or a uterine contraction. In the current in- 
vestigation, the frequency of nonstress tests demon- 
strating decelerations and bradycardias increased as 
the sonographic estimates of the amniotic fluid volume 
declined. This finding is in agreement with Eden et al. 
and suggests, as pointed out by these investigators, that 
if decelerations are seen on a nonstress test, amniotic 
fluid volume assessment may disclose a reason for the 
fetal heart rate pattern. In addition, the higher inci- 
dence of cesarean deliveries for intrapartum fetal dis- 
tress because of bradycardias and severe variable de- 
celerations further amplifies the vulnerable cord situa- 
tion for the fetus when there is evidence of reduced 
amniotic fluid volume. Lastly, in the patient under- 
going a trial of labor, an association existed between the 
quantity of amniotic fluid and the incidence of intra- 
partum late decelerations that necessitated cesarean 
delivery. While this suggests a dual mechanism for oli- 
gohydramnios, it magnifies the importance of close ob- 
servation of the patient with suspected oligohydram- 
nios during labor. 

When sonographic estimates of the amniotic fluid 
volume were used as a predictor of fetal well-being in 
the postdate pregnancy, patients with evidence of ade- 
quate amniotic fluid volume had a significantly more 
favorable outcome, whereas those patients with the 
least amniotic fluid volume on ultrasound had the 
greatest incidence of perinatal morbidity and mortality. 
As a consequence, patients with the finding of de- 
creased amniotic fluid volume, irrespective of nonstress 
test results, should be considered for a trial of labor. 
This approach is supported by the work of Platt et al.® 
in a large group of high-risk pregnancies. 

In summary, real-time ultrasound estimates of ade- 
quate amniotic fluid volumes in postdate pregnancies 
were a reliable predictor of fetal well-being. Addition- 
ally, we found that the lower the estimated amniotic 
fluid volume, the greater the incidence of antepartum 
fetal heart rate tests indicating decelerations or brady- 
cardias. Based on the evidence provided in this investi- 
gation, the postdate pregnancy with decreased amni- 
otic fluid volume is at a significant risk for perinatal 
morbidity and mortality. Therefore, postdate preg- 
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nancies with this sonographic finding, irrespective of 
nonstress test results, should be considered for delivery 
with a trial of labor and continuous fetal monitoring. 
While the current sonographic criteria for defining oli- 
gohydramnios in the postdate pregnancy were fairly 
reliable, further investigation, which is currently under 
way, 1s required to more accurately define a normal 
fluid volume in these patients. Until better sonographic 
criteria for oligohydramnios are established, postdate 
pregnancies that fall into group 2 should be managed 
in accordance with the clinical findings and the results 
of these fetal surveillance tests. 
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The accuracy of estimated gestational age based on ultrasound 
measurement of biparietal diameter in preterm premature 


rupture of the membranes 


Daniel F. O’Keeffe, M.D., Thomas J. Garite, M.D., John P. Elliott, M.D., and 


Peter E. Burns, Ph.D. 


Phoenix, Arizona, and Long Beach, California 


The management of patients with preterm premature rupture of the membranes is often influenced by the 
ultrasound measurement of biparietal diameter. The cephalic index has been used in pregnancies with 
intact membranes to predict the presence of an abnormal biparietal diameter that may be unreliable in 
estimating gestational age. This study analyzed 100 patients with rupture of the membranes between 

the beginning of gestation week 28 and the end of week 34. The cephalic index was found to be abnormal 
45% of the time; all were in the brachiocephalic range. The biparietal diameter was affected by 
presentation and presence or absence of amniotic fluid (p < 0.05). Use of the biparietal diameter was 
found to be unreliable in estimating gestational age with preterm premature rupture of the membranes. Use 
of the cephalic index did not enable prediction of which biparietal diameters would be abnormal; therefore 
use of the biparieta! diameter or the cephalic index in preterm premature rupture of the membranes is 

not recommended. The use of the head circumference, abdominal circumference, and femur measurements 
may be a better way of predicting gestational age in this select population. (AM J OBSTET GYNECOL 


1985;151:309-12.) 


Key words: Preterm premature rupture of the membranes, cephalic index, biparietal 


diameter 


Preterm premature rupture of the membranes com- 
plicates approximately 2% to 4% of all pregnancies. 
The management of these pregnancies is predicted on 
an accurate assessmeni of gestational age and estimated 
fetal weight. Normal regular menses, early pregnancy 
test, early pelvic examination, auscultated fetal heart 
rate at 19 to 20 weeks, and ultrasound studies are all 
helpful in determining the estimated date of confine- 
ment. Despite the best efforts of physicians to have 
excellent dating criteria in every patient, all too fre- 
quently the gestational age is not known. The combi- 
nation of poor or unknown dates and preterm pre- 
mature rupture of the membranes occurs commonly. 
Obstetric decisions profoundly affect the morbidity and 
mortality of pregnancies considered premature (<36 
weeks), and most obstetric therapy and intervention is 
based on the physician’s assessment of gestational age. 
Paul et al.’ found that perinatal mortality was depen- 
dent on fetal weight estimated by the obstetrician. If 
the estimated weight was less than the actual weight, 
the outcome was significantly worse than when the es- 
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timated fetal weight was more than the actual fetal 
weight. 

The most frequently used measurement for ultra- 
sound estimate of gestational age is the fetal biparietal 
diameter. This measurement may be inaccurate in es- 
timating gestational age when the pregnancy is com- 
plicated by preterm premature rupture of the mem- 
branes. Wolfson et al.” studied patients at gestational 
ages from 26 to 40 weeks with both rupture of the 
membranes and with intact membranes. Gestational 
age estimated by biparietal diameter in the group with 
rupture of the membranes differed significantly (p < 
0.01) from the group with intact membranes. An in- 
accurate measurement of biparietal diameter may lead 
to an incorrect assessment of gestational age and esti- 
mated fetal weight, which then would be used as an 
inaccurate basis of obstetric management decisions. 

Hadlock et al.’ proposed the use of the cephalic index 
to screen the biparietal diameter measurement for pos- 
sible errors due to abnormal head shape affecting the 
biparietal diameter, but they confined their observa- 
tions to pregnancies with intact membranes. The pur- 
pose of this study is to apply use of the cephalic index 
to patients with preterm premature rupture of mem- 
branes to determine the accuracy of the biparietal di- 
ameter prediction of gestational age under these con- 
ditions. Fetal presentation, amniotic fluid volume, the 
presence or absence of labor, and the duration of rup- 
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ture of membranes prior to admission were examined 
for any effect on the biparietal diameter or cephalic 
index. | 


Material and methods 


One hundred six patients with preterm premature 
rupture of the membranes between 28 and 36 weeks’ 
gestational age constitute the study population: These 
patients were taken from a study of preterm ruptured 
membranes reported by Garite et al.* The gestational 
age of these patients was between the beginning of the 
week 28 and the end of the week 34. Ruptured mem- 
branes was diagnosed by sterile speculum examination, 
which confirmed pooling of fluid in the posterior for- 
nix, alkaline pH by Nitrazine paper and ferning. Pa- 
tients with undocumented rupture of membranes or 
equivocal results were excluded from the study. Six 
patients were removed from the study population be- 
cause of incomplete data. 

All patients had an ultrasound examination within 4 
hours of admission to the hospital. All had good quality 
measurements of biparietal diameter (BPD) and occip- 
ital frontal diameter (OFD). A Picker 80-L B scanner 
and a Toshiba SAL-20 real-time linear-array ultra- 
sound were used for all ultrasound examinations. The 
biparietal diameter was measured from the outer mar- 
gin to inner margin of the skull table, and the occipital 
frontal diameter was measured from the outer margin 
to outer margin of the skull table. Both measurements 
were made at the level of the cavum septi pellucidi or 
rostrum of corpus callosum and choroid plexus in the 
atrium of the lateral ventricle, as described by Hadlock 
et al. 

Criteria met by the 100 patients remaining in the 
study included that clinical dating criteria was good, 
that the neonatal estimate of age as determined by 
the Dubowitz score after delivery. was within 2 weeks 
of the clinical dates, and that the patient was delivered 
within 4 days of the ultrasound examination. | 

Amniotic fluid volume was considered normal if a 
pocket of fluid =2 cm in the vertical plane was seen 
anywhere in the uterus. Presentation was either vertex 
or breech; three transverse he presentations were ex- 
cluded from this analysis because these small numbers 
could not be statistically analyzed. Labor was defined 
as regular palpable uterine contractions occurring at a 
frequency of three in a 10-minute period, lasting for 
at least 1 hour. Duration of rupture of the membranes 
before admission was divided into three categories: 0 
to 4 hours, 4 to 12 hours, and >12 hours. The cephalic 
index was calculated according to Hadlock et al.° (also 
Hadlock, personal communication) (BPD + 3 mm/ 
OFD x 100) with a normal range for the cephalic index 
for this study being 70% to 86%, which represents 
2 SD from the mean in their sample. The head circum- 
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ference was measured in the same plane as the bipa- 
rietal diameter and occipital frontal diameter. The for- 
mula used to calculate the circumference was (BPD + 3 
mm + OFD) x 1.57 (Hadlock, personal communica- 
tion). The data were subjected to statistical analysis to 
determine the nature of variability in the sample using 
i test, x’, analysis of variance, and linear regression as 
appropriate. 


Results 


The mean gestational age from the last menstrual 
period was 32.3 weeks with a range of 28 to 36 weeks. 
An abnormal cephalic index was calculated in 45 pa- 
tients. Of the 45 patients with an abnormal cephalic 
index, all 45 had a cephalic index greater than 86% 
and were considered brachiocephalic. Of the brachi- 
ocephalic fetuses, 39 were vertex, four breech, and two 
transverse. Fetal position was found to be 79 vertex 
(79%), 18 breech (18%), and three transverse lie (3%). 
Adequate amniotic fluid volume (22 cm) was present 
in 74 (74%) and absent in 26 (26%). Labor was consid- 
ered present in 23 (23%) patients, and absent in 74 
(75%). In three patients the presence of labor was not 
coded on the data sheet. The length of rupture of the 
membranes before admission was 0 to 4 hours, 33 
patients; 4 to 12 hours, 33 patients; >12 hours, 30 
patients. 

Biparietal diameter, occipital-frontal diameter, ce- 
phalic index, and cranial circumference were analyzed 
by ¢ test according to presentation (breech versus ver- 
tex), amniotic fluid (absent versus present), labor (yes 
versus no), and duration of rupture of membranes 


- prior to admission to determine whether significant dif- 


ferences existed between groups. The only tests show- 
ing a significant difference in means were biparietal 
diameter by presentation (Table I) and the presence or 
absence of amniotic fluid (Table II), with gestational 
age being equal in both groups. 

* To determine whether technical problems with im- 
aging or measurement would have produced these re- 
sults, the mean head circumference at each gestational 
week in our study sample was compared to published 
means® at similar gestational ages. The mean head cir- 
cumference data in this study was within +2 SD of the 
data published by Hadlock et al.,° confirming that our 
imaging and measurements are accurate. 


Comments 


Many obstetricians and ultrasonographers use bi- 
parietal diameter as a single measure to estimate ges- 
tational age. Wolfson et al’ have suggested that bipari- 
etal diameter may be unreliable in the face of preterm 
premature rupture of the membranes. This has been 
assumed to be due to the effect of cranial molding 
caused by oligohydramnios. Also, Hadlock et al.° have 
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Table I. Biparietal diameter by presentation 


Mean biparietal 
Presentation Ne. diameter + SD Significance 


Breech 18 77+ a 


Vertex 70 8.1 + 073 p < 0.05 


Table II. Presence or absence of amniotic fluid 


Amniotic fluid No. Significance 
No 25 7.8 (+.80)) 
Yes 72 B.] (+.60) awe 


shown that by calculating the cephalic index (using the 
figures <74% for Colichocephalic and >83% for bra- 
chiocephalic—1 SD), the reliability of using the bipa- 
rietal diameter in estimating the gestational age can be 
improved. They described significant error in deter- 
mining gestational age when the cephalic index was 
abnormal. Hohler’ reported that, using +1 SD from 
the mean for normal criteria, 38% of the cephalic 
index’s were considered abnormal; however, when +2 
SD were used, only 14% were judged abnormal. The 
data presented in this study represent the first appli- 
cation of a reliability test (cephalic index) to a possibly 
distorted ultrasound measurement (biparietal diame- 
ter) in premature rupture of the membranes. 

In this group of patients, using +2 SD from the mean 
to define the abnormal (<70%, >86%), the cephalic 
index was abnormal 45% of the time with premature 
rupture of the membranes in the preterm infant (28 
to 34 weeks). All of the cephalic indices that were ab- 
normal were in the brachiocephalic range. Of the bra- 
chiocephalic fetuses, 39 were vertex, four breech, and 
two transverse. This appears contrary to our clinical 
assessment that with preterm premature rupture of 
membranes, the fetal head is molded toward an in- 
crease in occipital frontal diameter and a decrease in 
biparietal diameter. l 

Four variables were examined (vertex versus breech, 
amniotic fluid versus no amniotic fluid, labor versus no 
labor, duration of rupture of the membranes prior to 
admission) to'determine their effect on the cephalic 
index and biparietal diameter. As shown in Tables I 
and II, presentation znd amniotic fluid volume were 
the only variables to significantly affect the biparietal 
diameter. Kasby and Poll’ reported data showing that 
with intact membranes the breech fetus tends to have 
a smaller biparietal diameter than a comparable group 
of babies presenting as vertex. Our data are consistent 
with this finding. Data in Table III shows that the ce- 
phalic index is not affected by the other variables. Table 
IV shows that an abnormal cephalic index did not pre- 
dict which biparietal diameters would be either more 
than two weeks greater or more than 2 weeks less than 
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Table III. Relationship of cephalic index to 
other variables 















Abnormal 
cephalic 
index - 


Normal 
cephalic 
index Significance 


Amniotic fuid 


Normal 39 35 | 

None _ 16 10 R 
Presentation 

Vertex 40 39 

Breech 14 4 } mae 
Labor | 

Yes 13 10 

No 49 33 nal 
Time from rupture 

to admission (hr) 

0-4 hr 15 18 

4-12 hr 23 ll NS* 

>12 hr 17 13 

*By x’. 


Table IV. Cases with predicted ages more 
than 2 weeks greater or more than 2 weeks 
less than age from last menstrual period 
according to cephalic index 














Abnormal 
cephalic 
index 


Normal 
cephalic 


index Significance 


Biparietal diameter it~ I NS 
> or <2 wk 
from clinical 
dates 


the clinical and neonatal assessment of gestational age. 
This amount of error in a measurement should cast 
doubt on the reliability of use of biparietal diameter 
even with a normal cephalic index. 

These data support the concept that with preterm 
premature rupture of the membranes, the maternal 
pelvis tends to mold the fetal head in the vertex position 


‘to the brachiocephalic state. This error would tend to 


cause an estimation of gestional age and estimated fetal 
weight greater than the actual age. | 

_ To demonstrate the predictability of menstrual age 
within the sample, linear regressions were calculated 
for cranial circumference and biparietal diameter. 
While significantly good equations ‘were determined, 
the amount of variation that they explain is consider- 
ably less than that found in the reports of Hadlock 
et al. and Wolfson et al.,? 47% versus 61% to 83% 
respectively. This illustrates the variability of cranial 
size within our preterm premature rupture of the mem- 
branes sample but is also subject to the effects of sample 
truncation, to the age range of 28 to 35 weeks of ges- 
tation, as noted by Wolfson et al. | 


° It appears (in patients with preterm premature rup- 


ture of the membranes) that early in the third trimester, 
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ultrasound estimation of gestational age bv biparietal 
diameter is particularly unreliable. Cephalic index can 
predict when the biparietal diameter should not be re- 
lied on with intact membranes, but in this sample a 
normal cephalic index was not predictive of a usable 
biparietal diameter and therefore an inaccurate pre- 
diction of gestational age by ultrasound measurements 
was equally likely with normal cephalic indexes and 
abnormal cephalic indexes. The biparietal diameter 
measurements were so variable that, used alone in pre- 
term premature rupture of membranes to determine 
gestational age, they appeared to be of little help to 
the clinician. 

Hadlock et al. and Hohler’ have recommended the 
use of multiple measurements, specifically biparietal 
diameter, femur length, head circumference, and ab- 
dominal circumference to Increase accuracy In esti- 
mating gestational age in the third trimester. Their 
conclusions were that with multiple measurements the 
error observed in assessing ‘gestational age by ultra- 
sound in the third trimester was reduced from =3 
weeks to 2 weeks. With an abnormal cephalic index in 
preterm premature rupture of membranes, the bipa- 
rietal diameter should definitely not be used and the 
other measurements (i.e., femur length, head circum- 
ference, abdominal! circumference) must be employed 
in determining gestational age. In the case of preterm 
premature rupture of the membranes with a normal 
cephalic index, it also appears that the biparietal di- 
ameter should not be used when determining gesta- 
tional age and that a combination of the other multiple 
measurements should be employed; therefore the ce- 
phalic index in cases of preterm premature rupture of 
the membranes does not differentiate which biparietal 
diameter measurements are reliable. Although there is 
no study in the literature confirming that a multiple 
measurement technique with preterm’ premature rup- 
ture of the membranes is superior, it would seem rea- 
sonable that multiple measurements would decrease 
the variability and help obtain a more accurate esti- 
mation of gestational age. 

Neither labor, fetal presentation, amniotic fluid vol- 
ume, or duration of rupture prior to admission have a 
predictive effect on the cephalic index or the biparietal 
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diameter measurement, and therefore cannot be used 
to further define which pregnancies have distorted bi- 
parietal diameters. Again, it would be reasonable to 
assume that the multiple measurement technique 
would help reduce variability and improve predict- 
ability under all conditions. | 

The findings of this study have important implica- 
tions in cases of preterm premature rupture of the 
membranes: (1) estimated gestational age based on bi- 
parietal diameter is unreliable; (2) cephalic index is not 
useful in separating fetuses with normal head mea- 
surements from abnormal measurements; (3) other 
measurements of fetal size, i.e., head circumference, 
abdominal, circumference, and femur length, should 
probably be relied on to determine gestational age; (4) 
vertex presentation changed the biparietal diameter, 
with the estimated gestational age being older than the 
actual age. 

"Future studies need to be made to evaluate the mul- 
tiple measurement technique in preterm premature 
rupture of the membranes and to confirm that these 
measurements are reliable in predicting gestational age 
in this rather select group of patients. | 
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Current controversies in obstetrics: Wrongful life and forced 


fetal surgical procedures 


H. Tristram Engelhardt, Jr., Ph.D., M.D. 


Houston, Texas 


Contemporary reproductive decision-making is char- 
acterized by the availability of a distinctly secular set of 
considerations. In the past it was presumed that sex- 
uality was for reprcduction and that there were ways 
of generally distinguishing morally between natural 
versus unnatural interferences in reproduction.’ It was 
presumed, in addition, that there were compelling state 
interests that could establish a pronatalist reproductive 
policy.? These, however, no longer appear justifiable. 


This is not to say that such arguments are simply wrong. > 


Rather, it has been recognized that they cannot be jus- 
tified in the absence of special religious, metaphysical, 
or political premises, which premises cannot be gen- 
erally secured in rational secular terms. Their force and 
governance must be restricted to special domains de- 
fined by communities sharing their presumptions.’ In 
contrast to these special moral communities, a general 
set of secular moral assumptions has been articulated. 
One must recall here the relatively recent decisions of 
the Supreme Court in Griswold v. Connecticut in 1965, 
that it is unconstitutional for states to forbid the dis- 
semination of contraceptive information and advice to 
married persons,* and in Eisenstadt v. Baird in 1972, 
which extended access to contraceptive materials to un- 
married individuals as well.’ These decisions were then 
further augmented by Roe v. Wade“ and Doe v. Bolton™® 
in 1973. The result has been the articulation of a secular 
ethics which places the locus of reproductive decision- 
making in the hands of the reproducing couples and 
ultimately in the hands of the women who could be- 
come pregnant. 

This secular understanding of reproductive ethics 
brings a moral tension to discussions (1) regarding the 
obligation to provide information so that would-be par- 
ents can avoid the birth of a defective child and (2) 
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régarding the obligation to impose treatment on behalf 
of a fetus. First, moral discussions now clearly occur on 
two levels, one, that of general secular moral argu- 
ments, and a second, the level of the religious and cul- 
tural commitments that frame our concrete moral lives. 
In addition, there is a conflict integral to the language 
of ethics itself. On the one hand, the language of ethics, 
especially in secular pluralist contexts, unavoidably 
gives an accent to individual rights of self-determina- 
tion. In conflict with this autonomy-oriented dimension 
of ethics are concerns with beneficencé, concerns with 
the best interests of patients. The first, the autonomy- 
oriented, reminds us of what it means to understand 
ethics as an alternative to force as a basis of conflict 
resolution.’ It contrasts with concerns for the best in- 
terests of others, which concerns are consequence-ori- 
ented. In the case of competent individuals, they are 
usually, though not always, held to have the right ‘to 
choose on their own behalf, even if it is not in their 
best interest. There is as well a presumption in favor 
of individuals being the best judges of their best inter- 
ests. However, in the case of fetuses, where there is no 
autonomy to respect, moral concern is directed to the 
best interests of the fetus. This leads to conflicts re- 
garding who can be the best judge of these interests 
and of how one is to compare the interests of the fetus 
with the interests of the pregnant woman. The conflict 
between respecting freedom and securing the best in- 
terest of others complicates even further the tensions 
within morality. These tensions are expressed in ob- 
stetrics as physicians attempt to treat both women and 
their fetuses. 


Tort-for-wrongful-life suits 


These tensions are displayed in the concern to avoid 
those pregnancies which could lead to individuals being 
born with handicaps, deformities, or significant dis- 
advantages, which concern has provided the moral and 
legal backbone of tort-for-wrongful-life suits. What is 
at stake are not simply issues of failures of a sterilization 
procedure or of contraceptive means, or increased costs 
to the parents, but an injury to the child which often 
could only have been avoided by that child not coming 
into existence. For example, as in the case of Gleitman 


313 


314 Engelhardt EOS a, 


v. Cosgrove in 1967,° Mrs. Gleitman sought recovery on 
the basis of her not having been informed that many 
physicians considered an abortion proper after a 
woman contracted rubella during pregnancy. The New 
Jersey Supreme Court awarded damages to the: parents 
but not to the infant plaintiff. A similar argument was 


developed in the case of Stewart v. Long Island College | 


Hospital? where suit was filed on the basis that Mis. 
Stewart was not fully informed that a number of phy- 
sicians considered abortion a proper response to the 
fact that she had contracted rubella during early preg- 
nancy. Though the suit asked for damages to be paid 
not just to the parents but also to the child, the court 
awarded damages only to the parents. Such could best 
be termed a wrongful birth case, in that costs were not 
awarded to the child, but to the family, to compensate 
for the costs involved in raising a handicapped infant. 


(One may wish to distinguish between actions by par- . 


ents for tort for wrongful birth, based on a child having 
been born or having been born defective because of 
negligent treatment ‘or counseling, versus tort for 
wrongful life actions brought by a child for having been 
born or born defective. Wrongful conception actions 
are a species of the former and include cases of failed 
sterilization or contraception.) 

As one enters the 1980s, one finds a number of at- 
tempts both by parents to recover damages because 
they were not able to avoid the birth of a handicapped 


child whose birth they would have avoided had they. 


not been negligently denied information and by chil- 
dren who argued that their handicaps made life worse 
than no existence and that the difference between these 
twostates of affairs could be assigned a pecuniary value. 
(For-a review of the issues raised by tort-for-wrongful- 
life cases, see references 10 and 11.) The first genre of 
suits by parents was already successful in the 1970s. 
The second was not. (The holding in Park v. Chessin, 


which, in 1977, affirmed the right for recovery on tort-. 


for-wrongful-life grounds, was reversed.’”) 
_ The matter changes somewhat dramatically in the 
1980s with the 1981 ruling of the Court of Appeals of 
the Second District of California in Curlender v. Bio- 
Science Laboratories. Here the court was faced with the 
case of the incorrect transmission of information with 
regard to whether a couple carried Tay-Sachs disease. 
An affected child was born, and both the parents and 
thé child sued for recovery. The court awarded dam- 
ages to both. In addition, the court raised the possibility 
that parents might be liable to their children for dam- 
ages for “proceeding with a pregnancy” which they 
‘knew would likely lead to a damaged offspring. As the 
court opined, “Under such circumstances, we see no 
, sound public policy which should protect those parents 
from being answerable for the pain, suffering and mis- 
ery which they have wrought upon their offspring.”™ 
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The liability of parents was not sustained in another 
California case, Turpin v. Sortini.” In addition, the li- 
ability of parents was precluded by an act of the Cali- 
fornia legislature." 

However, the general principle that one may be liable 
to both parents and their children for not having given 
adequate information that would have influenced rea- 
sonable individuals in their choices regarding contra- 
ception and abortion remains in place. For example, in 
a 1983 Washington State decision, Harbeson v. Parke- 
Davis, involving a woman taking Dilantin who argued 
that she was not adequately informed regarding the 
possibilities. of “fetal hydantoin syndrome,” the court 
found that the. parents had a right to prevent the birth 
of a defective child.” The court held that the Harbesons 
could recover extraordinary educational and medical 
expenses, in addition to damages for emotional injury. 
Also, it held that such children could recover special 
damages to recompense them for extraordinary med- 
ical care during their lives. However, the court followed 


- Turpin v. Sortini in denying the child damages for pain 


anc suffering. | 

- What can one say about the moral presumptions of 
these holdings? First, there is the presumption that 
there is no serious conflict between fetus and parents, 
at least up until the point of viability, in that up until 
that point women possess an unchallenged right to ter- 
minate a pregnancy. The value of the fetus is subor- 
dinated to the wishes of the parents and the rights of 
fetuses prior to viability are minimal at best. Second, 
uncil viability, the fetus possesses rights as a place- 
holder for a futuré person. If the fetus comes alive 
ex utero, it then can sue as a damaged person. There 
is a contrast between parents and physicians, on the 
one hand, who are actual persons, and the future per- 
sons that the damaged fetuses could become, on the 
other. This notion of a future person does not require 
a notion of potentiality, as is raised by some opponents 
of abortion. Its sense depends rather on understanding 
that, if an individual plants a bomb under a high school 
to go off 20 years from now, he would be guilty of 
murdering the teenagers in the school, even if they had 
nct yet been conceived at the time the bomb was 
planted. At the time of the murder, the teenagers are 
actual persons. However, if children are never born to 
fill the school, no murder occurs. (For a recent overview 
of the moral issues raised by abortion, see reference 
18.) Third, there is no assumption that there is an over- 
riding good involved in bringing a child into the world. 
There is no moral duty either to conceive such a fetus 
or to bring such a nonviable fetus to term. The choice 
ta bring a pregnancy to term entails costs for parents. 
Those who provide insufficient information to parents 
so that they cannot adequately engage in contraceptive 
and abortion decisions may be responsible for the costs 
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involved in the care of a handicapped child and for 


special costs sustained by the child. | 

In summary, the result of the exploration of these 
issues in our democratic, pluralist society has been the 
articulation of a public policy with its own moral as- 
sumptions. Prospective parents in general, and women 
in particular, have come to be recognized as reproduc- 
tive decision-makers, able and responsible to decide 
regarding the inception of a pregnancy or its termi- 
nation. The Curlender decision presumes at least a moral 
obligation on the part of the parents to consider the 
likely quality of life of the future children they may 
produce when deciding to initiate and/or continue with 
a pregnancy. Moreover, physicians who would negli- 
gently or willfully fail to provide information for such 
decisions become morally if not legally liable. This rep- 
resents a major shift in the understanding of repro- 
ductive mores, placing the accent on: (1) the rights of 
individual freedom in fashioning reproductive deci- 
sions within (2) the constraints of responsibility to the 
future child, if it is conceived and brought to term. 

The issue of fetal rights gains salience with fetal sur- 
gical procedures and cesarean sections, so that one must 
ask at what point may one intervene to protect the best 
interests of the fetus, even over the objections of the 
mother. Tort-for-wrongful-life cases remind us that, at 
least in terms of secular moral arguments, the diffi- 
culties raised by defective fetuses can be solved by good 
contraceptive use cr by abortion before the fetus is 
viable. The questions raised by fetal surgical proce- 
dures and cesarean sections, in contrast, focus on the 
consequences of the women’s choice to have the preg- 
nancy go to term. The issue is then how the best in- 
terests of fetuses, Cestined to go to term, should be 
understood as fetal rights. 


The emergence of a concept of fetal rights 


One might have thought, following Roe v. Wade and 
Doe v. Bolton, that the notion of fetal rights would not 
gain substance. After all, Roe v. Wade established the 
right of women to use abortions despite state laws, even 
after viability, if the abortion is sought to secure the life 
or the health of the mother. Indeed, prior to viability, 
women, with their physicians, were acknowledged as 
having an unchallenged right to make abortion deci- 
sions. But even within the constraints of Roe v. Wade, 
one can ask what are the obligations one has to a fetus, 
once one has decided not to abort it and once the fetus 
reaches the point o7 viability. Does one then have an 
obligation to protect the fetus’ health and well-being 
insofar as those interventions do not jeopardize the 
health and well-being of the mother? Again, one must 
not forget that Roe v. Wade allows abortions at any point 
in order to preserve the life and health of the mother. 
However, one must also recognize here an extension 
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of the reasoning in Curlender v. Bio-Science Laboratories, 
where the court held that parents could be sued by 
their children if they were allowed to be born defective. 
This legal dictum, which is contrary to the traditional 
doctrine of parental immunity, raises at least the issue 
of the moral obligation of parents to do what is nec- 
essary to secure the health and well-being of a fetus 
and thus a future person, once they have decided to 
go through with the pregnancy. 

This issue has been joined in the 1981 Georgia Su- 
preme Court holding in Jefferson v. Griffin Spalding 
County Hospital Authority.” The case involved a woman 
from Butts County, Georgia, with placenta previa in 
her thirty-ninth week of pregnancy, who, as a member 
of the Shiloh Sanctified Holiness Baptist Church, re- 
fused a cesarean section on religious grounds. The De- 
partment of Family and Child Services, acting on behalf 
of the Georgia Department of Human Resources, pe- 
tittoned the Butts County Juvenile Court for temporary 
custody of the fetus. The court took cognizance of the 
fetus as a deprived child and Jessie Mae Jefferson was 
ordered to submit to a cesarean section by court order. 
(Mirabile factu, Jessie Mae Jefferson was delivered vag- 
inally without difficulty. See reference 19b.) The de- 
cision:in this case must be understood in terms of the 
court having been given evidence that the fetus stood 
a 99% chance of dying and the woman a 50% chance 
of dying in the absence of a cesarean section. It was 
against this background that Justice Hill ruled: “[W]e 
weighed the right of the mother to practice her religion 
and to refuse surgery on herself, against her unborn 
child’s right to live. We found in favor of her child’s 
right to live.””° 

The possible range of implications of this and similar 
court rulings is already being explored by legal scholars 
in an attempt to determine at what point a woman may 
be forced to submit to fetal surgical procedures or to 
cesarean section on the basis of reasoning simular to 
that developed in the Jessie Mae Jefferson case. (For 
an exploration of these issues, see reference 21.) From 
a legal point of view, much remains unclear about what 
amount of danger to the fetus will jusufy what amount 
of pain, discomfort, and risk to the mother. There ts a 
1983 case of Taft v. Taft,” in which the husband of a 
woman in her fourth month of pregnancy attempted 
to gain a court order forcing her to submit to a cerclage 
operation to prevent miscarriage. The court refused. 
One must note, however, that the fetus was not yet 
viable. Jeffrey Lenow, in his study of the fetus as a 
patient, offers the case of a 14-year-old girl, 26 weeks 
pregnant, who experienced premature labor because 
of a rupture of the amniotic sac.” Given the fetus’ ges- 
tational age, the judgment was that its survival could 
be maximized only by cesarean delivery. The patient, 
however, wished a vaginal, not a cesarean, delivery, and 
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her wishes were followed. As Lenow observes, had the 
woman been in her 30s and interested in having a child, 
a cesarean section would have been performed. In fact, 
had she been older she may have been forced, as many 
women, to submit to a cesarean section.” ‘The range of 
cases from those which tolerated the refusal of a ce- 
sarean delivery to those which have invited intervention 
leave unclear how one is to balance concerns for fetal 
safety with maternal risks. | 

Decision-making is rendered even more complex 
when it appears that the fetus is suffering from serious 
defects. Some cases can be more easily resolved when 
the child about to be born is unlikely to meet the min- 
imum conditions for being a moral agent, so that the 
possibility of doing. injury to a future person ceases as 
well. A somewhat widely accepted example would be 
that of anencephalic infants. Though these are rec- 
ognized as persons before the law in certain senses (that 
is, qualifying the parents for an income tax deduction 
for a dependent child), they would not count as a per- 
son in a strict moral sense or a social sense.” This point 
has been recognized even by theologians with regard 
to the limits of the duty to treat a defective child.” 
There also should not be a duty to treat fetuses that 
would be born with defects likely to preclude survival 
beyond infancy, in that such treatment would not ben- 
efit a future person. The issue is relatively clarified 
when there will not be a future person likely to be 
injured by the failure to provide maximal safety of 
delivery through a cesarean section or fetal surgical 
procedure. 

The more troubling moral questions arise in that 
genre of cases that have become the object of the Baby 
Doe controversy.” * There is the question of what pro- 
tections of cesarean delivery or fetal surgical proce- 
dures ought to be afforded to a fetus which will at best 
develop into a child with serious handicaps. It would 
be preferable to avoid such conflicts by the use of either 
contraception or abortion, rather than to have the train 
of events issue in the question of whether maximally 
safe means of delivery should be employed for a child 
likely to be born with significant mental or physical 
handicaps. Moreover, women should be informed of 
what are likely to be the choices if they proceed with 
such a pregnancy beyond viability. In any event, it will 
not be possible to answer these questions in full without 
answering the issues raised by the Baby Doe contro- 
versy with regard to family sovereignty and the range 
of disabilities which we will hold to be appropriate for 
withdrawal of treatment or for less than fully aggressive 
treatment. 

At this point, rather than to explore this second and 
complex issue, it is enough to recognize two points. 
First, societies tend to be more accepting of the non- 
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investment of resources in saving neonates than of their 
noninvestment in saving older children. (For an ex- 
amination of attitudes toward infanticide in the ancient 
world, see reference 28. As to the rather unofficial ac- | 
ceptance of infanticide in recent times, see reference 
29.) Second, one will need to recognize that any min- 
imal notion of family integrity will put the moral bur- 
den of proof on outsiders to show that families are 
choosing wrongly rather than on families to show that 
they are choosing correctly in their decisions regarding 
the treatment of defective newborn infants. If one en- 
ters the domain of the family with state force in order 
to resolve the conflicts between the decision of the fam- 
ily not to treat and of representatives of the state to 
treat, the state should at least sustain the costs conse- 
quent upon the invasion. 

So, also, to set aside an individual’s right not to be 
touched, much less invaded, without permission, one 
must show at least a duty on the invaded person’s part 
to tne care of the fetus under such extreme circum- 
stances. This can be established if abortions are readily 
available, the woman understands the circumstances to 
which she would be exposed, and decides to continue 
with the pregnancy. (I am indebted to Judith Areen of 
Geargetown University School of Law for a discussion 
of this point.) Such can usually be reasonably inter- 
preted as a commitment to bringing the fetus safely to | 
term under the conditions known prior to viability. 
These considerations would give grounds against im- 
posing an experimental form of treatment. A woman 
cannot reasonably be expected (even with the- aid of 
her physician) to have anticipated such an intervention. 
At most, one could generally expect that she would have 
learned about, and taken account of, those treatments 
which are standard in the sense of generally accepted 
by the medical community. Second, if, after viability, 
significant new information becomes available regard- 
ing the handicaps of the fetus or the need for a cesarean. 
section or fetal surgical procedure, justifications for in- 
vasion of bodily integrity become more difficult. Per- 
haps a compromise could be found in agreeing that 
when the state’ enters the sovereign boundary of an 
individual’s body under such circumstances, the state 
must be willing to accept all the costs entailed, not only 
those such as are involved in a cesarean section or fetal 
surgical procedure but the costs entailed by the treat- 
ment and upbringing of a defective child who is saved 
through such procedures. Third, there should be a 
high certainty of success from the procedure and a high 
probability of injury to the fetus in the absence of in- 
tervention. The requirement of likelihood of success 
gives another reason to hold that it would be morally 
improper to force a woman to submit to an experi- 
mental treatment on behalf of her fetus. Finally, the 
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fiduciary duties of the mother to the fetus are surely 
not absolute. Decisions involving the balancing of 
ranges of possible harms and benefits introduce suffi- 
cient degrees of uncertainty to allow one morally to err 
within that uncertainty on behalf of the wishes of the 
pregnant woman. In that the mother is giving the child 
the gift of life, it seems reasonable that the mother be 
able to condition that gift upon the mother not being 
exposed to a significant risk of death or injury or a 
departure from her ideas of what a rewarding birth 
process would be (that is, natural childbirth, early op- 
portunity to nurse the child comfortably), unless the 
risks to the future child are of a serious nature and of 
a high probability.. 

If a policy develops of imposing treatment on un- 
consenting women, we will need to determine what 
level of risk can justify what level of interference. Such 
a determination will be necessary in order to give fair 
warning to women in advance of what may be entailed 
by their continuing with a pregnancy rather than seek- 
ing an abortion. Moreover, the threshold for interven- 
tion will need to be fashioned so as not to justify major 
intervention only on the basis of rather minor or low- 
probability benefits. The threshold will need to be set 
somewhere between (1) the rather accepted notion of 
minor interventions for major risks, as have been as- 
sociated with the transfusion of pregnant women,” 3% 


and (2) recent suggestions that pregnant women with . 


thought disorders not be afforded the option of treat- 
ment but instead be committed against their wishes in 
order to avoid even a low likelihood of third-trimester 
sequelae from drug treatment.” 


Conclusions 


Where, then, do these reflections lead us? First, they 
show us that, despite the development of notions of 
abortion rights through Roe v. Wade and Doe v. Bolton, 
the moral status of fetuses is not set aside. In fact, we 
have been led to a nuanced set of initial distinctions 
with regard to the moral standing of fetuses. The de- 
velopment of the notion of individual freedom in re- 
productive decision-making and the availability of 
greater knowledge concerning reproductive outcomes, 
along with increased technological capacities to alter 
such outcomes, have led to increased reproductive re- 
sponsibility. The very availability of abortion, perhaps 
paradoxically for some, has increased the plausibility 
of maternal duties to fetuses in that a woman’s contin- 
uing with a pregnancy is more of an expression of free 
choice than was the case in the past. These duties will 
surely lead to a number of cases in which one will be 
able successfully to argue that it will be morally per- 
missible to compel a cesarean section and perhaps even 
fetal surgical procedure. We are only beginning to un- 
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derstand all the moral implications of our technological 
advances and their implications within the context of 
a free, pluralist, secular society. 

As we shoulder this task, we will most likely find 
ourselves living in a moral world appreciably more com- 
plex than that of the past. In the process, obstetrics will 
have contributed to the ever-ongoing cultural endeavor 
of our becoming clearer about ourselves and our moral 
values. This is, after all, the central human task. This 
will be a far from mean contribution from medicine to 
our general culture. 
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Nonstressed antepartum cardiotocography in patients 
undergoing elective cesarean section—Fetal outcome 


Frank T. Chew, M.B., B.S., M.R.C.O.G., F.R.A.C.O.G., John H. Drew, M.D., B.S., F.R.A.C.P., 
Jeremy N. Oats, M.B., B.S., D.M., M.R.C.O.G., F.R.A.C.O.G., Stephen F. Riley, B.App.Sc., 
A.A.I.M.L.S., A.R.A.C.I., and Norman A. Beischer, M.D., B.S., M.G.O., F.R.C.S.E., 


F.R.A.C.S., F.R.C.O.G., F.R.A.C.0.G. 
East Melbourne, Victoria, Australia. 


In a prospective study of 409 patients monitored with nonstressed antepartum cardiotocography and 
delivered by elective cesarean section, cardiotocography was requested for 170 because of clinical 
indications. This group had higher incidences of abnormal cardiotocograrhy (p < 0.001), fetal growth 
retardation (p < 0.001) and neonatal deaths (p < 0.025) than had the group without such requests, 
suggesting that clinicians effectively selected the high-risk pregnancy for testing of fetal well-being. 
Cardiotocographic evidence of critical reserve was found in 17 of 170 patients (10%) tested for a clinical 
indication and in none of the 239 patients in the control group. Patients with abnormal cardiotocography 
results had significantly higher incidences of cord arterial blood pH <7.26 (p < 0.05) and Apgar scores of 
<6 at 1 minute (p < 0.001), showing that an abnormal cardiotocogram is indicative of a fetus at risk of 


having hypoxia. (Am J Osstet GYNECOL 1985;151:318-21.) 


Since the introduction of antepartum cardiotocog- © 


raphy at the Mercy Maternity Hospital, Melbourne, in 
1973, ever-increasing dependence has been placed on 
this method of assessment of fetal well-being to aid in 
selecting the appropriate time for and route of deliv- 
ery. Studies have attempted to correlate various car- 
diotocography patterns with parameters of perinatal 
outcome after either spontaneous or induced labor.” ? 
The inherent drawbacks of such studies have included 
the long interval between performing the antenatal 
cardiotocography and birth of the infant and the ef- 


fects of labor and drugs on the fetus. To minimize such. 


problems, we examined the relauonship between an- 
tepartum cardiotocography patterns and perinatal out- 
come in patients delivered by elective cesarean section. 
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Table I. Classification of cardiotocographic 
patterns 









Accelerations 
per 10 min 






Beat-to-beat 
variation Late 
decelerations 





Fetal reserve 


Satisfactory =7 25 0 
Reduced 5-7 <5 Q 
Critical <5 <5 Present 


Material and methods 


The study group, consisting of patients undergoing 


elective cesarean section, was divided into two sub- 


groups: (1) the “request” group for whom the clinician 
had previously requested a cardiotocography because 
the pregnancy was perceived to be at risk either on 
clinical grounds or because of subnormal urinary es- 
triol excretion and (2) the “nonrequest” group for 
whom a cardiotocography had not previously been 
performed. All patients were monitored within 24 
hours of cesarean section for at least 20 minutes with 
the use of a Model 8031A cardiotocogram (Hewlett- 
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Table II. Prenatal complications gestation, birth weight, and type of anesthesia adthinistered 


Prenatal complications 

Preeclamptic toxemia, hypertension, or chronic renal 
disease 

Fetal growth retardation or low urinary estriol assay 
Poor obstetric history 
Diabetes mellitus l 
Antepartum hemorrhage 
Diminished fetal movements 
Weight loss or static weight 
Postterm 
Breech or malpresentation 
Cephalopelvic disproportion 
Other 

Gestation 
=37 wk 
34-36.6 wk 

_ <34 wk. 

Birth weight 
=4000 gm 
2501-3990 gm 
1500-2500 gm 
<1500 gm 

Anesthesia 
General 
Epidural 


Group of patients 


Naan Request Total 
(n = 239) — tee = 170) (n) P 
4 52 56 <0.001 
3 42 45 <0.001 
21 23o 44 NS 
- . 16 16 <0.001 
9 I2 4 21 NS 
— 7 r <0.01 
- 7 7 <0.01 
l 5 6 <0.05 
39 4 43 <0.001 
152 — 152 <0.001 
10 l 2 12 NS 
236 129 365 <0.001 
2 28 30 <0.001 
l 13 14 <0.001 
17 1] 28 <0.001 
220 129 349 <0.001 
— 23 23 <0.001 
2 7 9 <0.001 
137 105 242 NS 


i , 102 65 . 167 O NS 


NS = Not significant. 


Packard) with a paper speed of 1 cm/mm. The car- 


diotocógraphies were read by a member of thè medical 
staff of the fetal monitoring unit without knowledge of 
the patients’ subgrouping and were classified as satis- 
factory, reduced, or critical according to the criteria 


detailed in Table I. At the time of the operation; details = 


of the type of anesthesia (general or epidural) and the 
time between incision of the uterus and delivery of the 
baby were recorded. ` 

Arterial blood was collected immediately after clamp- 
ing of the cord intc a heparinized syringe and trans- 
ported in ice for acid-base analysis by means of a Model 
175 automatic pH/blood gas system (Corning Medical). 
Statistical analysis was performed by means of ý, 


Fisher’s exact probability, and Kolmorgorov-Smirnov ` 


two-sample tests where appropriate. | 

Fetal growth retardation (small for dates) was diag- 
nosed when birth weight was below the tenth percentile 
according to gestational age for infants born in our 
institution. 


Results 


During the period from January, 1981, to December, 
1982, 409 patients undergoing elective cesarean section 
were monitored; 170 were in the request group and 
239 in the nonrequest group. 

The prenatal complications, gestation, birth weight 


and type of anesthesia used are listed in Table II. Since 
the majority of elective cesarean sections in the nonre- 
quest group were performed because of cephalo- 
pelvic disproportion or malpresentations, the highly 
significant difference in the incidences of these compli- 
cations between the two groups is expected. The main 
indications for requesting cardiotocography surveil- 
lance were hypertensive disorders and intrauterine 
growth retardation detected either clinically or by sub- 


“normal maternal urinary estriol excretion. These dis- 


orders occurred in 94 of the 170 (55.3%) request group 


- and in only 7 of the 239 (2.9%) nonrequest group of 


patients (p < 0.001). 

The high-risk nature of the pregnancies where 
monitoring was requested is shown by thé increased 
frequency of premature delivery (24.1% versus 1.3%) 
and of infants with birth weights of =2500 gm (17.6% 
versus 0.8%) in this group; in each instance these dif- 
ferences were statistically highly significant (p < 0.001). 
These differences are not surprising as the monitored 
group had a high incidence of maternal conditions that 
necessitated premature delivery even when the car- 
diotocographic tracing was normal. Also in many cases 
the elective cesarean section was indicated by the ab- 
normal cardiotocography. 

There was no statistical difference between the utili- 
zation of general anesthesia in the two groups, since it — 
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Table III. Incidence of abnormal cardiotocograms and perinatal results in the eee and request 
groups of patients 























- Cord blood Apgar score Fetal growth Neonatal Major fetal 
: remy pH <7.26 <§ at 1 min retardation death malformation 
Nonrequest = 205 85.8 142 11.7 33 13.8 7 -29 0 i 9 38 
Request 170 . 102 60.0 88 40.0 25 147 33 22.4 30 17.6 5 29 l4. 8.2 
Significance _ p<0.001 NS* NS p < 0.001 p < 0.025 NS 


*NS = Not significant. 


Table IV. Perinatal results according to the cardiotocographic pattern 

















Cord. blood pH Apgar score ` Fetal growth Neonatal Major fetal 
a ate i  <7.26 <6 at I minute retardation death _ malformation 
Cardiotocographic. 
ator ele bel eel aie aia: 
Normal 10. q 12.7 12 3.9 
Abnormal - l l 
Reduced 85 15 17.6 > zo 27.1 13 15.3 2 2.4 8 9.4 
Critical 17 5 294 Wi 41.2 6 35.3 2 11.8 3 17.6 
Total abnormal  . 102 20 19.67 30 29.4 19 18.6 4 3.9 1] 10.8 


was used in 61.8% of the request group and in 57.3% Although the incidences: of both cord pH <7.26 and 


of the nonrequest ‘group. Although the. incidence of Apgar score <6 were greater in those with a critical 
acidosis (cord pH .<<7.26) was not influenced by the reserve when compared with those with a reduced pat- 
type of anesthesia used (general anesthesia 14.5%, tern, these differences did not achieve statistical sig- 
epidural 10.8%) there was an increase.in the number of nificance. There was a statistically significant difference 
infants with low Apgar scores. (<6) at 1 minute when in the incidence of fetal growth retardation between 
general anesthesia had been administered (22.0%) the groups with critical (35.3%) and reduced reserve 
compared with epidural analgesia (9.6%). This differ- (15.3%) on cardiotocography (p < 0.05) and also be- 
ence was statistically significant (p <.0.01). tween the groups with reduced reserve and normal 

Difficulty in delivery of the infant. and/or uterine (5.9%) cardiotocography (p < 0.001). The single neo- 
Incision—to— -delivery interval of >3 minutes did not re- natal death in the satisfactory reserve group (Table IV) 
sult in a statistically significant increase in fetal acidosis, was due to Potter’s syndrome. Three of the four fetuses 
although the latter was associated with an increase in with-an abnormal cardiotocographv pattern who died 
low. Apgar scores (p < 0.05). in the neonatal period had major malformations in- 

The perinatal results and incidences of abnormal compatible’ with. life, and the remaining infant, whe 
cardiotocography patterns in the.nonrequest and re- weighed 944 gm at birth, died 10 days later from the 
quest subgroups of patients are shown in Table III. complications of prematurity. Again the increased in- 
The differences in the incidénces of abnormal pat- cidence of neonatal death in those with reduced fetal 
terns, fetal growth retardation, and neonatal deaths reserve in contrast with the group with normal car- 


were all significant. Although 34 (14.2%) of the non- diotocography was significant (p < 9.03). 
request group had an abnormal cardiotocography pat- : 


tern, the degree of abnormality was-merely reduced in Comment 
all cases, whereas in the request group 17 of the 68 The dramatic fall in perinatal mortality in recent 
cases with an abnormal result had a critical reserve pat- ` years has-removed death as a useful index of the qual- 
tern (Tables III and IV) (p < 0.001). ity of obstetric care and has left perinatologists with a 
The perinatal results according to the cardiotocog- lack of reliable and easily applied criteria for use in 
raphy pattern are also shown in Table IV. The in- gauging the results of their management regimens. 
creased incidences of cord pH <7.26 and Apgar score Apgar scores <6 at 1 minute and cord pH <7.26 are 
<6 at 1 minute in cases with abnormal cardiotocog- indicators of hypoxia and are used to assess the quality 
raphy patterns (19.6% and 29.4%, respectively) were of the infant at birth. Other parameters uséd are the 


both significant (p < 0.05 and p < 0.001, respectively). incidences of growth retardation and major malforma- 
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tions. Both Apgar scores and cord pH measurement 
have their limitations; the former is subjective and the 
latter can be influenced by a number of factors, includ- 
ing technical difficulties -in collecting and measur- 
ing the blood sample and maternal acid-base distur- 
bances.*» 4 To improve: our assessment of the infant at 
birth, we used the i-minute Apgar score and cord 
blood pH status, together with the usual parameters of 
assessment, i.e., the incidences of growth retardation, 
major malformations, and perinatal deaths. 

This study has shown that the selection of patients 
into a high-risk category by use of clinical judgment, 
together with measurement of urinary estriol excre- 
tion, was effective, since higher incidences of abnormal 
cardiotocographic tracings, growth-retarded fetuses, 
and neonatal deaths occurred in the request group. 
Moreover, there was no case of critical fetal reserve or 
perinatal death in the nonrequest group. The 40% in- 
cidence of abnormal tracings in the request group was 
explained by the high-risk nature of the series as well as 
the fact that the cesarean section was in many cases 
performed because of the abnormal cardiotocography. 
This figure compares with the overall incidence of ab- 
normal cardiotocography of 15.7% (1013 of 6438) for 
all patients monitored antenatally in the hospital be- 
tween 1973 and 1983. We were further reassured by 
the finding that the grading of cardiotocographic 
abnormality (reduced: critical) used in our unit was 
meaningful in terms of incidences of fetal growth re- 
tardation, low cord pH, and low Apgar scores, which 
increased as the cardiotocography tracing. became 
more abnormal. The only death in the group with satis- 
factory reserve was due to Potter’s syndrome. 

The association between lethal congenital malfor- 
mations and critical fetal reserve patterns (17:6%) em- 
phasizes the necessity to perform an ultrasound study 
and perhaps also a radiographic examination of the 
fetus before performing a cesarean section for purely 
fetal indications. When these tests fail to reveal such an 
abnormality, the fetus must then be given the benefit of 
the doubt; otherwise the unfounded assumption that 
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the baby is doomed squanders the whole value of ari- 
tenatal cardiotocographic surveillance. Indeed, when 
there is evidence of critical fetal reserve, the quality of 
survival of.infants born by elective cesarean section is 
satisfactory.® 

Consistent with other reports, the use of general or 
epidural anesthesia did not affect cord pH, although 
there were more low Apgar scores in infants who had 
been subjected to general anesthesia.® 7 The reported 
association of fetal acidosis and low Apgar scores with 
prolongation. of the interval between incision of the 
uterus and birth of the infant® was examined and only 
an effect on the Apgar score was confirmed. 

The findings iri this study do not support the concept 
of routine cardiotocographic screening in late preg- 
nancy, because no case of critical fetal reserve was 
found in the 239 clinically normal control patients. 


We wish to thank Valerie Ratten and Betty Dyer for 
skilled technical assistance and our colleagues of the 
medical staff for their cooperation. 
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Fetal acidosis, 2-chloroprocaine, and epidural anesthesia for 


cesarean section 


Elliot H. Philipson, M.D., Betty R. Kuhnert, Ph.D., and Carol D. Syracuse, B.S. 


Cleveland, Ohio 


Amide-linked local anesthetic agents, such as lidocaine and bupivacaine, can become “trapped” in their 
ionized forms on the fetal side of the placenta, and therefore their net transfer across the placenta is 
increased. An ester-linked local anesthetic agent, 2-chloroprocaine, is rapidly. metabolized, and placental 
transfer is limited. Since the metabolism of 2-chloroprocaine by fetal plasma is slower than in maternal 
plasma, the potential for ion trapping exists. The purpose of this study was to determine the disposition of 
2-chloroprocaine and its metabolite, chloroaminobenzoic acid, in relation to the umbilical cord vein pH 

at delivery, and specifically, to determine whether ion trapping exists. Epidural anesthesia with 
2-chloroprocaine was administered to 44 women at term prior to cesarean section. At delivery the levels of 
2-chloroprocaine and chloroaminobenzoic acid in maternal plasma and umbilical cord vein were 
quantitated. Neonates were divided into two groups based on the umbilical cord vein pH at delivery. Ten of 
the 44 patients delivered neonates with a pH <7.25 (acidotic group) . while 34 delivered neonates with a’ 

pH >7.25 (nonacidotic group). The mean umbilical cord vein pH in the acidotic and nonacidotic groups was 
7.22 + 0.03 and 7.32 + 0.03, respectively (p < 0.001). There were also no differences between the 
groups in maternal and neonatal clinical characteristics or in the total dose of 2-chloroprocaineé administered 
or the drug-to-delivery interval. The pharmacologic results did not demonstrate a statistical difference in 
the concentration of 2-chloroprocaine or chloroaminobenzoic acid in the maternal vein or umbilical cord vein 
at delivery between the two groups. Thus the results of this study demonstrate that placental transfer of 
2-chloroprocaine is not influenced by fetal acidosis. Therefore these data suggest that 2-chloroprocaine may 
be the: drug of choice when fetal acidosis or distress is anticipated. (Am J OBSTET GYNECOL 1985:151:322-4.) 


Key words: Local anesthetic, fetal acidosis, chloroprocaine 


The disposition of local-anesthetic agents may be in- 
fluenced by fetal acidosis.! Acidosis may cause weak 
bases to become “trapped” in their ionized forms on 
the fetal side of the placenta and increase their net 
transfer across the placenta. For example, elevated fetal 
and neonatal levels of anesthetic agents, such as lido- 
caine and mepivacaine, have been repoited when the 
umbilical cord vein pH has been acidotic.”* In acidotic 
infants, bupivacaine has also been shown io have a pro- 
longed neonatal half-life as well as increased placental 
transfer.“ Lidocaine, mepivacaine, and bupivacaine are 
all amide-linked local anesthetics with long plasma half- 
lives. 

It is not clear whether ion trapping of ester-linked 
local anesthetic agents would also occur, since they are 
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metabolized so rapidly. Despite its rapid metabolism. 
9-chloroprocaine has been found to cross the placenta 
in small amounts.*® Since the half-life of 2-chloropro- 
caine is slightly longer in fetal plasma than in maternal 
plasma,’ the potential for ion trapping exists. The pur- 
pose of this study was to determine the disposition of 
2-chloroprocaine and its metabolite, chloroaminoben- 
zoic acid, in relation to the umbilical cord vein pH at 
delivery, and specifically, to determine whether ion 
trapping occurs. - 


Material and methods 

Patients. From the obstetric population at Clevelane 
Metropolitan General Hospital 44 women at term were 
studied. Patients were scheduled for elective or repeat 
cesarean section. Appropriate informed consent was 
obtained prior to the study. Epidural anesthesia was 
administered by an anesthesiologist. No patients had z 
history of liver or kidney disease or known drug abuse. 

Procedure. After identifying the epidural space by 
the loss-of-resistance technique, an epidural catheter 
was used to administer 2% or 3% 2-chloroprocaine 
(without epinephrine). The 2-chloroprocaine was in- 
jected as needed, and the amount injected was deter- 
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Table I. Maternal, neonatal and intrapartum 
characteristics of the two study groups 





Acidotic group Nonacidotic 
(n = 10) group (n = 34) 


Mothers 
Age 26 + 6* 24 5 
Height (in) 6] 4 I 63:5 
Weight (kg) 72 + 14 80 + 16 
Hematocrit (%) 37 + 4 35 + 3 
Neonates 
Gestational age (wk) 39 + ] 39 + J 
Birthweight (gm) 3362 + 410 3395 + 473 
Apgar scores <7 
]-minute 0 0 
5-minute 0 0 
Umbilical cord vein pH 7.2? + 0.03 7.32 + 0.03t 
(7.15 — 7.253} (7.26 — 7.41) 
Intrapartum anesthesia 
Total dose (mg) 855 + 326 838 + 242 
Drug-to-delivery inter- 38 + 18 43 + 2] 
val (min) 
*Mean + SD. 
Tp < 0.001 
tRange. 


mined by the anesthesiologist. The total dose of 2-chlo- 
roprocaine (in milligrams), the number of doses, and 
the time (in minutes) from administration to delivery 
(the drug-delivery interval) were recorded. 

Sample collection. Maternal blood samples (3 ml) 
from a peripheral arm vein were obtained at delivery 
coincident with clamping of the umbilical cord. Neo- 
natal blood samples were obtained at birth from a dou- 
bly clamped section of umbilical vein. All samples were 
drawn into heparinized Vacutainers containing 0.3 ml 
of a cholinesterase inhibitor, echothiophate iodide (0.2 
gm/ml, Ayerst Laboratories), and immediately placed 
on ice. The plasma was removed following centrifu- 
gation and frozen until assayed for drug levels. Blood 
gas tension and pH were immediately measured with 
an automatic gas system (Corning-175). 

Sample analysis. Plasma samples were analyzed sep- 
arately for 2-chloroprocaine and chloroaminobenzoic 
acid with the use of single ion monitoring mass 
spectrometry’ or electron capture gas chromatography’ 
techniques, respectively. Chloroaminobenzoic acid was 
measured as another indicator of the placental transfer 
of 2-chloroprocaine. 

Data analysis. Neonates were divided into two 
groups based on umbilical cord vein pH at delivery. 
Neonates with a pH <7.25 were considered acidotic, 
and those with a pH >7.25 were considered nonaci- 
dotic. The fetal/maternal ratio, i.e., the drug level in 
the umbilical cord vein divided by the drug level in the 
maternal vein at delivery, was calculated for 2-chloro- 
procaine and chloroaminobenzoic acid. Statistical anal- 
yses were performed with the use of the ¢ statistic for 
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Table II. 2-Chloroprocaine (ng/ml) and 
chloroaminobenzoic acid concentration (g/ml) 
at delivery in maternal plasma and umbilical 
vein in the acidotic and normal groups 


2-Chloreprocaine | Chloroaminobenzorc 
(ng/ml) acid (g/ml) 


Maternal plasma 


Acidotic 3.0 2 3.7 5.3 + 4.1 

Nonacidotic 3.9 + 5.1] 10.5 + 13.1 
Umbilical vein 

Acidotic 1.9 + 3.9 3.7 + 1.9 

Nonacidotic 3.0 + 4.1 49+ 5.8 
Fetal/maternal ratio* 

Acidotic — 0.83 + 0.3 

Nonacidotic — 0.49 + 0.4 


*Level in cord vein/level in maternal vein at delivery. Mean 
of individual ratios, not ratio of means. 


two means. A p value of <0.05 was considered statis- 
tically significant. 


Results 


Patient population. Ten of the 44 patients in the 
study delivered neonates with a cord vein pH $7.25, 
while 34 patients delivered neonates with a cord vein 
pH >7.25. The maternal, neonatal, and intrapartum 
anesthetic characteristics of the two study groups are 
shown in Table I. All mothers were at term. There were 
four Class A gestational diabetics in the acidotic group 
and two Class A diabetics in the nonacidotic group. 
There were no difference in maternal age, height, 
weight, or hematocrit between the groups. All neonates 
were at term as measured by the Ballard modification 
of the Dubowitz exam.’ All neonates were born with 1- 
and 5-minute Apgar scores of #7. There was no sta- 
tistical difference in mean birth weights between the 
groups although there were six large—for—gestational 
age infants in the acidotic group and one large—for— 
gestational age infant in the nonacidotic group. Mean 
umbilical cord vein pH readings in the acidotic and 
nonacidotic groups were 7.22 + 0.03 and 7.32 + 0.03, 
respectively (p < 0.001). There were no clinical signs 
of 2-chloroprocaine toxicity in the neonates. There 
were no differences between the groups in the total 
dose of 2-chloroprocaine administered, the number of 
doses, or drug-delivery intervals. 

Plasma drug levels. The maternal and cord plasma 
concentrations of 2-chloroprocaine and chloroamino- 
benzoic acid at delivery in the acidotic and nonacidotic 
groups are presented in Table I]. There were no dif- 
ferences in the amount of 2-chloroprocaine (nano- 
grams per milliliter) between the groups. The fetal 
maternal ratio is also shown in Table II. Since 2-chlo- 
roprocaine was often not detectable in either the 
mother or fetus at delivery, the fetal maternal ratio 
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could not be calculated in the majority of patients. Chlo- 
roaminobenzoic acid was detectable in all of the ma- 
ternal vein and umbilical cord vem samples collected. 
The fetal maternal ratio of chloroaminobenzoic acid in 
the acidotic and nonacidotic groups was 0.8 and 0.49, 
respectively. Although suggestive of increased placental 
transfer of 2-chloroprocaine in acidotic infants, this dif- 
ference was not statistically significant. 


Comment 


The purpose of this study was to determine whether 
an ester-linked local anesthetic agent, 2-chloropro- 
caine, would be trapped on the fetal side of the pla- 
centa. The results of this study demonstrate that nei- 
ther greater placental transfer of 2-chloroprocaine nor 
significantly elevated levels of chloroaminobenzoic acid 
occur in mildly acidotic conditions. 

The fetal levels of 2-chloroprocaine were not influ- 
enced by mild fetal acidosis, as defined by an umbilical 
cord vein pH <7.25. However, findings of measurable 
levels of 2-chloroprocaine support previous investiga- 
tions from our laboratory that demonstrate placental 
transfer of 2-chloroprocaine.** Furthermore, this study 
adds the datum that the amount of unchanged 2-chlo- 
roprocaine crossing the placenta is not significantly in- 
fluenced by mild fetal acidosis. | 

This finding is different.from that in studies of 
amide-linked local anesthetic agents which demonstrate 
greater placental transfer with fetal acidosis.” This dif- 
ference between the ester and amide-linked local an- 
esthetic agents relates to differences in their metabo- 
lism; the 2-chloroprocaine is rapidly hydrolyzed by 


both maternal and fetal plasma cholinesterases. The . 


maternal and neonatal in vitro’ half-lives of 2-chloro- 
procaine have been reported to be 21 and 43 seconds, 
respectively. The amide-linked local anesthetic agents 
are metabolized in the liver, with maternal and neonatal 
half-lives ranging from 2 to 28 hours depending on 
the drug.” Since all local anesthetic agents are weak 
bases, acidosis may cause these agents to be trapped in 
the ionized form. Although in theory this may occur 
with 2-chloroprocaine, sophisticated analytical tech- 
niques* ë were unable to detect elevated levels of 2- 
chloroprocaine or evidence of significant increases in 
its metabolite in mildly acidotic conditions.° 

The results of this study have clinical implications, 
since elevated or toxic levels of local anesthetic agents 
may be detrimental to the fetus and neonate.'!!* Fetal 


acidosis or fetal distress often occur during labor at the © 


same time that local anesthetic agents are necessary. 
Therefore, the results of this study suggest that 2-chlo- 
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roprocaine is the drug of choice in these situations be- 
cause a low or negligible level of the parent compound 
and an inactive metabolite may be advantageous to an 
acidotic or distressed fetus. 

In summary, the placental transfer of the ester-linked 
local anesthetic agent 2-chloroprocaine is not influ- 
enced by fetal acidosis. As a result, 2-chloroprocaine 
may be the drug of choice for epidural anesthesia when 
fetal acidosis is anticipated. Furthermore, rapid pla- 
cental transfer of local anesthetic agents can also follow 
paracervical block and local. perineal infiltration.* “ 
Therefore 2-chloroprocaine may also be the local an- 
esthetic of choice for these types of obstetric anesthesia 
when fetal acidosis is anticipated. 


REFERENCES 


l. Ralston DH, Shnider SM. The fetal and neonatal effects 
of regional anesthesia in obstetrics. Anesthesiology 1978; 
48:34. 

2. Brown WU, Bell GC, Alper MH. Acidosis, local anes- 
thetics, and the newborn. Obstet Gynecol 1976;48:27. 

3. Biehl D, Shnider SM, Levinson G, et al. Placental transfer 
of lidocaine: effects of fetal acidosis. Anesthesiology 
1978;48:409. 


4. Datta S, Brown WU, Ostheimer GW, et al. Epidural an- 


esthesia for cesarean section in diabetic parturients: ma- 
ternal and neonatal acid base status and bupivacaine con- 
- centration. Anesth Analg 1981;60:574. 

5. Kuhnert BR, Kuhnert PM, Prochaska AL, et al. Plasma 
levels of 2-chloroprocaine in obstetrical patients and their 
neonates after epidural anesthesia. Anesthesiology 1980; 
53:21. 

6. Philipson EH, Kuhnert BR, Syracuse CB, et al. Intrapar- 
tum paracervical block with 2-chloroprocaine. AM J OB- 
STET GYNECOL 1983;146:16. 

7. O’Brien JE, Abbey V, Hinsvark O, et al. Metabolism and 
measurement of chloroprocaine, an ester-type local an- 
esthetic. J Pharm Sci 1979;68:75. 

8. Kuhnert BR, Kuhnert PM, Reese ALP. Measurement of 
2-chloroprocaine in plasma by selected ion monitoring. J 
Chromatogr 1981;224:488. 

9. Ballard JL, Novak K, Driver M. A simplified score for 
assessment of fetal maturation and newly born infants. J 
Pediatr 1979;95:769. 

10. Tucker GT, Mather LE. Pharmacokinetics of local anes- 
thesia agents. Br J Anaesth 1975;47:213. 

11. Shnider SM, Way EL. Plasma levels of lidocaine (Xylo- 
caine) in mother and newborn following obstetrical con- 
duction anesthesia: clinical applications. Anesthesiology 
1968;29:951. 

12. Marlow -AJ, McGuinness GA, Erenberg A, et al. The 
neonatal neurobehavioral effects of bupivacaine, mepiv- 
acaine and 2-chloroprocaine used for pudendal block. 
Anesthesiology 1980;53:309. 

13: Scanlon JW, Brown WV, Weiss JB, et al. Neurobehavioral 
responses of newborn infants after maternal epidural an- 
esthesia. Anesthesiology 1974;40:121. 

14. Philipson EH, Kuhnert BR, Syracuse CD. Maternal, fetal 
and neonatal lidocaine levels following local perineal in- 
filtration. AM J OBSTET GYNECOL 1984; 149:403. 


Collagen sponge as vaginal contraceptive barrier: Critical 
summary of seven years of research 


Milos Chvapil, William Droegemueller, M. Wayne Heine, 


Janet C. MacGregor, and Debbie Dotters 


Tucson, Arizona, Chapel Hill, North Carolina, and Lubbock, Texas 


Extensive testing of co:lagen sponge as a vaginal contraceptive (mechanical and chemical) showed that 
the original expectations regarding the safety, convenience, and efficacy were not met. The collagen sponge 
was tested both as a cylinder and as a diaphragm and used as such-or impregnated with spermicidal 
detergent or with zinc salt.The collagen sponge must be larger that 6 cm in diameter in order to serve as a 
-mechanical barrier that will not be dislodged during physical activity. This creates problems with the 

ease of insertion and with the partners’ awareness of the barrier. When the collagen sponge containing 
ejaculate is left in the vagina >48 hours, it develops an offensive odor. The original acidity of the collagen 
sponge (pH 3.5, 0.1 mol/L) is soon neutralized by the large volume of alkaline vaginal secretions. 

In vitro studies showed that up to 10 mg of nonoxynol 9 per milliliter-of growth medium did not inhibit the 
growth of Staphylococcus aureus. These effects, as well as the large surface area of the resilient sponge, 
present a potential risk for growing staphylococci within the collagen sponge. The capacity of the collagen 
sponge to absorb a large volume of cervical and vaginal fluid produced two symptoms that were annoying 
to the volunteers: an awareness of either vaginal dryness during intercourse or, conversely, saturation of 
the sponge from the vagina. Postcoital studies showed viable spermatozoa in the cervical mucus in 

25% of the tests with the nonmedicated cylindrical sponge but in only 6% of tests with the sponge containing 
nonoxynol 9. The results of clinical trials conducted at four centers support the view that collagen sponge 
as a vaginal contraceptive barrier method is inconvenient to both partners, not effective enough to compete 
with present methods of vaginal contraception, and possibly might be unsafe because of the capacity to 
grow bacteria. Despite the negative end result of this goal-oriented research, we believe that our studies 
have contributed to a better understanding of vaginal physiologic features, the safety and effectiveness 

of spermicidal detergents, and the- mechanisms of vaginal malodor. Although the acceptability study 
showed some advantages of the collagen sponge over the rubber diaphragm, the overall acceptability of 
the collagen sponge diaphragm was no better than that of the rubber diaphragm. For all these reasons, 
including the possible risk of an increased incidence of toxic shock syndrome, we have discontinued 
‘further testing of either type of collagen sponge as a vaginal barrier method. (Am J OBSTET GYNECOL 


1985;151:325-9.) 


Key words: Collagen sponge, vaginal contraceptive, staphylococci, spermicide 


The concept of placing a sponge in the vagina. for 
contraception is more than 2000 years old.’ For the past 
7 years we have participated in a program in the hope 
of developing a sponge made of natural material which 
would be competitive in efficacy, safety, and conve- 
nience with other modern methods of vaginal contra- 
ception. In 1976, we presented a theoretical basis for 
a highly resilient and fluid-absorbent collagen sponge, 
having a pH of 3.5 buffered with 0.1-mol/L of citrate, 

‘to be inserted for several days in the upper vault of the 
vagina and thus to serve as a mechanical and chemical 
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contraceptive barrier. It was also suggested that the 


. high fluid-binding capacity of the collagen sponge con- 


tributed to the trapping and immobilization of the 
sperm within the sponge matrix.” 

The material (collagen) and the properties of the 
sponge, resilience, fuid-binding capacity, inherent acid- 
ity and easy medication administration, were consid- 
ered to offer new potentials. It is the aim of this report 


.to review several years of testing on the safety, accept- 


ability, and functional performance of the collagen 
sponge in the form of a cup as well as a sponge bilayer 


diaphragm. 


importance of the size of the insert 
The dimensions of the vaginal canal depend pri- | 


“marily on body weight and parity of the women. For 
_ the sponge to be an effective mechanical barrier it was 


necessary to form a bulky and resilient structure having 
either an outer fitting ring or a diameter of at least 6 


cm. 
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Table I. Incidence of dripping with collagen 
sponge 


Time of retention (hr) | - Incidence of dripping (%) 


2 9 
6 36 
12 81 
24 82 
48 82 


The study involved 11 volunteers, who tested a total of 66 
sponges with or without nonoxynol 9. 


We tested the collagen sponge for proper placement 


and retention. The diameter of the sponges varied - 


from 5 to 8 cm, and the width was always 2.5 cm. We 
found a high incidence of dislodgement of the sponge 
that was 5 cm in diameter. The sponges that were 6 
centimeters in diameter were acceptable for nulliparous 
women. Parous or obese women would need sponges 
of 7 to 8 cm in diameter. The latter size was difficult 
to insert, either digitally or with an applicator (see be- 
low). We concluded that the sponge should be at least 
6 cm in diameter by 2.5 cm long to be retained in the 
upper vault of the vagina.” We also found that sponges 
<2.5 cm thick often folded in the fornix. - 


Insertion of collagen sponge 


Although originally we recommended digital inser- 
tion of a moist and compressed sponge, testing indi- 
cated that application with an inserter resulted in more 
reproducible and appropriate placement of the colla- 
gen sponge adjacent to the cervix. The longer appli- 
cator produced the best placement of the sponge.** 


Removal of collagen sponge 


As the collagen sponge needs to be rather volumi- 
nous to function as a mechanical barrier, it is difficult 
to remove from the upper vault of the vagina. We tested 
various methods of removal and found that a loop 
made of polyfilamentous Dacron fibers facilitated the 
process.” * 


Time of retention of covegen sponge in the 
vagina 


Sexually inactive volunteers were able to keep the 
sponge in place for 2 to 28 days without developing a 
malodor. However, in sexually active volunteers the of- 
fensive odor.developed in most users after 2 days of 
vaginal retention of the sponge." In several studies we 
analyzed the chemical basis of vaginal malodor for- 
mation ê” and also studied the factors controlling it.” 
The major contributor to vaginal malodor is the ejac- 
ulate, high in polyamines such as spermine and sper- 
midine. The effect of aminooxidases, functioning at 
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Table II. Volume of cervical-vaginal fluid 
recovered in five volunteers in 12 hours 


Type of sponge tampon | Seeretion/12 hours (gm) ) 


Plain sponge 9.7 21 
Sponge with nonoxynol 9 10.3 + 2.5 


Data presented as mean + SD are based on at least five 


observations per woman during days 12 to 16 of the menstrual 


cycle. 


neutral pH and in the presence of copper, is to metab- 
olize the polyamines to propylamine and butylamine 
which are responsible for the offensive odor. Acidity 
and zinc ions inhibit the enzyme(s) involved in the for- | 


. mation of the malodorous products. However, soon 


after intravaginal insertion, the initial acidic pH of the 
sponge is neutralized by the vaginal secretion. Also, 
volunteers using zinc-medicated sponges complained 
of vaginal dryness. Thus, both potential methods of 
controlling the formation of vaginal malodor were 
found by in vivo testing to be either ineffective or im- 
practical. 


Vaginal secretion 
One of the unpleasant side effects of vaginal contra- 


„ ception is the uncontrollable loss of fluid from the va- 


gina (dripping). The collagen sponge retained in the 
vagina for a period >12 hours was soaked with 20 to 
40 ml of fluid. Approximately 5% of volunteers who 


. tested the glutaraldehyde—cross-linked collagen sponge 


noticed excessive dripping. This may be a hypersen- 
sitivity phenomenon analogous to contact dermatitis. 
caused by glutaraldehyde. 

We studied the volume of tei. secretion and 
related this to the hours of vaginal sponge retention. 
Eleven volunteers used a total of 66 collagen sponges 
with and without nonoxynol 9 (100 mg per sponge), 
inserted into the vagina for 2 to 48 hours (Table I). 
Most volunteers reported marked dripping if the col- 
lagen sponge was inserted for >12 hours. There was 
no difference in the incidence of dripping between 
sponges with and those without the spermicidal deter- 
gent (100 mg of nonoxynol 9 per sponge). Sexual ac- 
tivicy did not increase the incidence of dripping." 

In another study involving five volunteers the actual 
volume of vaginal secretion absorbed by the inserted 
collagen sponge cylinders (10 cm long, 2.5 cm wide) 
was measured. Preweighed sponges with or without 100 
mg of nonoxynol 9 spermicidal detergent were left in 
the vagina for 12 hours by women on days 12 to 16 of 


_ the menstrual cycle. Recovered vaginal and/or cervical 


fluid amounted to 20 ml/24 hours (Table II). The sper- 


micidal detergent did not affect the volume of the col- 


lected fluid.” 
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Table III. Effect of various concentrations of 
glutaraldehyde on the growth of S. aureus 


Glutaraldehyde in medium S. aureus growth 
(mg/ml) (tn corrected turbidity units) 
0 1:2 
0.62 1.2 
1.25 0.45 
4.17 0 
12.5 0 


Growth measured turbidimetrically at 675 nm. 


Antibacterial properties of contraceptive collagen 

sponges 

Because of the risk of toxic shock syndrome it became 
essential to develop a sponge that would not favor the 
growth of staphylococci. We recognized that the col- 
lagen sponge with the complexity of its surface mor- 
phologic features and richness of continuous opened 
channels would be an excellent matrix for bacterial 
growth. 

pH. We postulated that making the collagen matrix 
acidic with a pH of 3.5 and buffering the acidity by 0.1 
mol/L of citrate buffer should prevent any bacterial 
growth. The growth of a coagulase-positive strain of 
Staphylococcus aureus at various pH levels of the culture 
medium, consisting of trypticase soy broth with 1.0% 
added yeast extract (GIBCO, Chagrin Falls, Ohio), was 
investigated. The results (Fig. 1) indicate that moderate 
inhibition of S. aureus growth occurred at pH 5.5; the 
growth was measured turbidimetrically at 675 nm. 
There was no measurable growth at =pH 4.2. Thus, 
maintaining the vaginal sponge pH within the range of 
pH 3.5 to 4.0 might be a simple and innocuous method 
of preventing the possible growth of S. aureus. Direct 
determination of the pH of the sponges recovered after 
2 hours of vaginal wear and extracted with distilled 
water showed no change of the original pH (3.5). How- 
ever, at 6 hours the pH was 4.5 + 0.4, and at 12 hours 
and later the pH oz the sponge was 7.2 + 0.6. An in- 
crease of the buffering capacity of the citrate buffer 
above a strength of 0.2 mol/L resulted in irritation of 
the vagina (itching). It is obvious that a slightly alkaline 
vaginal secretion with high buffering capacity neutral- 
ized the pH of the sponge within a few hours. 

Glutaraldehyde. Collagen sponges for use as vaginal 
barriers were cross-linked with glutaraldehyde. This 
tanning agent cross-links the sponge and renders it 
resilient and insoluble in biologic fluids. It is also re- 
tained within the framework of the sponge in the form 
of a polymer, which is continuously hydrolyzed, espe- 
cially at an acid pH, and leaks out of the sponge.'" ” 
Glutaraldehyde is known for its -bactericidal effect," 
and we speculated that the content of “free, leakable” 
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Fig. 1. The effect of the pH of the incubation medium on the 
growth of S. aureus. A coagulase-positive stain (ATCC No. 
25923) of S. aureus was incubated for 24 hours in trypticase 
soy broth with 1% added yeast extract, adjusted to pH values 
shown by phosphate or citrate buffers. The growth was mea- 
sured turbidimetrically at 657 nm. 


glutaraldehyde would exert its bactericidal effect within . 
the sponge. Tests were performed to determine the 
effect of different concentrations of glutaraldehyde in 
the culture medium on the growth of S. aureus (ATCC 
No. 25923). , 

The results (Table III) showed that glutaraldehyde 
at a concentration of 1.25 mg/ml in the medium par- 
tially inhibits the growth of this strain of S. aureus. The 
growth of S. aureus was completely inhibited at 4.2 mg 
of glutaraldehyde per milliliter. 

Although the mechanism of the effect of glutaral- 
dehyde is not clear, the results are of academic value, 
as the maximum amount of free glutaraldehyde re- 
leased during the extraction of a single contraceptive 
collagen sponge for 24 hours in acetate buffer, pH 3.5, 
was of one magnitude below the effective bacterial 
growth—inhibition dose. 

Nonoxynol 9. Finally, we tested the possible bacte- 
ricidal effect of the spermicidal detergent nonoxynol 
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Table IV. Release of spermicidal detergent 
Igepal Co-630 into the vagina of volunteers 
using.the sponge diaphragm for varying 
intervals 


| Retention of detergent 
. Duration of wear (hr) 


(mglsponge) 
0. - 93.0 + 6.1 - 
l . p > 0.05 
2 | 55.3 + 6.7 
6 37.9 + 7.5 
: -p < 0.05 
_ 6 (with intercourse) 23.3 + 4.1 
12 14.2 + 3.2 
24 22.2 + 4.4 
5 


Sponges containing 93.0 + 6.1 mg of Igepal Co-630 were 
retained in the vagina for 2 to 48 hours. In the extract of 
recovered sponges the detergent was determined by high- 
performance liquid chromatography with a fluorometric de- 
tector by the procedure of C. Eskelson fpnpublied data). 


Variability 3 1S piven as mean + SD.. 


Table V. Effectiveness of various treatments of 
cylindrical collagen sponge on the postcoital 
test l 






Positive tesis 





(in % of total) 
Collagen sponge, untreated ` ` 22 
Collagen sponge with 40 mg zinc sulfate 20 
and 7H,O 
Collagen sponge with 100 mg nonoxynol 9 6 
Collagen sponge with spermicidal cream 14 


*Significantly lower (p < 0.05) as compared with nonmed- 
icated collagen sponge. 


9. It has been shown that certain surface-active agents 
alter the interface between the lipid-containing mem- 
brane of a bacterial cell and the surrounding medium 
in such a way that the membrane becomes structurally 
labilized. | | 

The same strain of S. aureus was incubated for 24 
hours at various concentrations.of nonoxynol 9 (Igepal 
Co-630, GAF). We found that within the range of 0.05 
to 10.0 mg of nonoxynol 9 per milliliter of medium, 
nonoxynol 9 did not inhibit the growth of S. aureus. 
This result is in agreement with the general view that 
nonionic detergents are relatively harmless to the ma- 
jority of bacterial cells.” 


Collagen sponge with zinc ions 


The inhibitory effects of zinc ions on various func- 
tions of spermatozoa have been well documented. We 
‘showed that zinc sulfate added to sponges (40 mg of 
zinc sulfate and 7H,O per sponge) does not irritate the 
vaginal mucosa of the rabbit.’© When zinc-containing 
sponges were used by volunteers, we did not detect’ any 
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increase in the serum content of zinc. A common com- 
plaint was dryness of the vagina in sexually active vol- 
unteers. Because of this effect we abandoned the use 
of zinc in intravaginal applications for contraceptive 
purposes. 


Collagen sponges with nonoxynol 9 spermicidal 
detergent 


It has.always been our goal to develop a sponge that 
would serve as both a mechanical and a chemical con- 
traceptive barrier.* Originally we believed that the 
acidity of the sponge would suffice to inactivate the 
abscrbed spermatozoa. Realizing the temporary nature 
of the acid environment of the sponge, we added a 
detergent, nonoxynol 9, to the sponge. 

The use of nonoxynol 9 was subjected to several stud- 
ies, involving i its pharmacokinetics,’* its tolerance in the 
vagina of rabbits,” its toxic effect against fibroblasts as 
compared with spermatozoa, ” and finally its effect on 
the morphologic features and biochemistry of the liver 
and kidney.” In these studies we learned. that 85% of 
vaginal nonoxynol 9 is recovered in the urine and feces. 
The rate of absorption of nonoxynol 9 by the vaginal 
wall depends on the vehicle. Fibroblasts in tissue culture 
were found to be more sensitive than spermatozoa to 
the effect of nonoxynol 9. Finally, we found evidence 
of hepatotoxicity and nephrotoxicity in rats and rabbits 
given high dosages of nonoxynol 9, administered into 
either the peritoneal cavity or the vagina. 

In a clinical study we tested the rate of release of 
nonoxynol 9 from the sponge in women (Table IV). It 
has, to be stressed that nonoxynol 9, as an aqueous 
solution, was added to the sponge which was then dried. 
Surprisingly, we found that after 2 hours of wear, al- 
most 50% of the nonoxynol 9 was lost from the sponge. 
Intercourse significantly increased the release of non- 
oxynol 9 from sponge. Only about 20% of the original 
amcunt of nonoxynol 9 was left in the sponge worn 
for. 24 and 48 hours in sexually inactive women. 


Postcoital tests with collagen sponge 


The effectiveness of the collagen sponge alone, med- 
icated with zinc or containing a spermicidal detergent 
to prevent the propagation of spermatozoa into the 
cervical mucus, was studied in a total of 103 postcoital 
tests. A comparison study of the sponge with a com- 
mercial spermicidal cream was also made.” The results 
(Table V) showed that the highest failure rates of 22% 
and 20% were for the sponge alone or the one con- 
taining zinc. The presence of the spermicidal detergent 
reduced the incidence of positive tests to 6%. 


Clinical testing of contraceptive effectiveness 


Testing of a collagen sponge cup was conducted at 
several centers. The initial pilot study was performed 
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at Texas Tech University, Lubbock, Texas, under the 
direction of Dr. Heine. There were 57 women in the 
study. A large dropout rate was due to patients moving 
out of the area and because of patients’ and their part- 
ners’ complaints. There were a total of 267 woman 
months, 191 woman months with the sponge contain- 
ing 100 mg of nonoxynol 9 and 76 woman months with 
the nonmedicated sponge. There were eight pregnan- 
cies, resulting in a Pearl index of 35.9 for 100 women. 

In another clinica- trial, conducted in North Carolina 
by Dr. G. S. Berger, the net cumulative pregnancy rate 
at 6 months was 20.8 per 100 women. Based on a total 
of 130 woman months of exposure, the Pearl index was 
55.4 per 100 women. The overall experience in two 
other testing centers (the Noi Klinika in Debrecen, 
Hungary, and the Margaret Pyke Center, London, mete 
land) was similar. . 

In conclusion, thorough analysis of the above-re- 
ported results as well as a possible risk of an increased 
incidence of toxic shock syndrome led us to discontinue 
further testing of either type of collagen sponge as a 
vaginal barrier method. , 
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Autonomic hyperreflexia: A mortal danger for spinal 
cord—damaged women in labor 


jie © McGregor, M.D.C.M., and James Mecaween: M.D. 


Denver and Pueblo, Colorado 


Reproductive care of women with spinal cord damage demands knowledge. of such: women 'g reproductive 
potential and the specific complications to which these women are prone during pregnancy and childbirth, 
especially. autonomic. hyperrefiexia. Fertility in cord-damaged women of reproductive age is generally 


‘ undiminished as are libido, ability to have intercourse, and ability to bear children. Frequent complications 


of cord- -damaged pregnant women include urinary tract ‘infection, anemia, pressure sores, sepsis, 
unattended birth, and autonamic hyperreflexia. Autonomic hyperreflexia or autonomic dysreflexia occurs 


-during labor in up to two thirds of women with cord lesions above T-6. Autanomic hyperreflexia results from | 


noxious stimuli including distention of. the bladder, cervix, or. rectum, which evokes mass triggering of - 
sympathetic and parasympathetic afferents that are uninhibited by supraspinal centers below the cord 
lesion. Autonomic hyperreflexia manifests itself with sudden onset of marked hypertension and headache 
during uterine contractions, as well as ‘bradycardia or ‘tachycardia, various cardiac dysrhythmias, and 
marked diaphoresis with pilgerection and flushing above the level of the cord lesion. We describe the 
second reported occurrence of intraventricular hemorrhage due to autonomic hyperrefiexia during | labor and 
detail recommendations for anticipating and mitigating this potentially: Jethal complication of parturition in 
cord- -damaged women. Pregnancy and garturition are best carried out with ‘informed cooperation of 
the patient and of obstetric, ‘cord rehabilitation, anesthetic, and nursing, personnel. (Am j OBSTET GYNECOL 


1985; 151 :330- -3.) 


Key vods: Autonomic hyperreflexia, Po cord damage, labor 


Improvement of acute and rehabilitative care allows 


for an ever-increasing number of cord- -damaged . 


women not only to survive but to lead increasingly in- 
dependent lives, including sexual | expression, repro- 
duction, and founding or continuation of families. In 


the past, medical care providers considered paraplegia 
or quadriplegia as contraindications to pregnancy. 


More récently, it has been recognized that after medical 
stabilization and pyschological readjustment from cord 


damage, female libido, as well as reproductive capa- 


bility, remains intact.” Multiple. observations in hu- 
mans and animals demonstrate that sexual appetite re- 
turns and that sexual performance, although physically 
impeded, may be satisfying for both partners.” ** Re- 


: habilitation authorities recommend: -both continuation 


and founding of families as a.further means of com- 
pleting readjustment and return to more independent 
life.’* Spinal cord injury is frequently associated with 
transient anovulation but the preinjury menstrual pat- 
tern is reestablished i ina matter of months. Unlike 
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plegic men, women with cord damage appear to be fully 
fertile and do not appear at excess risk of spontaneous 
abortion or birth defects.** Appropriate reproductive 

care for cord- -damaged women includes both sexual 


and reproductive counseling, including provisions : for 


contraception and pregnancy. 

The highly variable but potentially lethal syndrome 
of autonomic hyperreflexia occurs in up to two thirds 
of cord- -damaged laboring women whose lesions are 
above the T-6 level.’ Since few care providers are fa- 
miliar with the particular problems of pregnancy and | 
delivery in cord- -damaged women, we describe the sec- - 


‘ond reported occurrence of cerebral hemorrhage due 


to autonomic hyperreflexia in an otherwise healthy 


paraplegic woman during janpi so. as to facilitate care 


of similar women. 


Case report 
This 30-year-old, ‘white woman, gravida I, para 2 


‘became a C6-7 quadriplegic during an automobile ac- 


cider-t in 1971. The patient became rehabilitated to an 
independent living status with the assistance of her hus- 
band. and became pregnant. Her prenatal course was 


uncomplicated except for recurrent urinary tract in- 


fection associated with an indwelling suprapubic cath- 


eter. At 39 weeks’ gestation, labor was electively induced 


by intravenous oxytocin infusion oan amniotomy so as 
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to avoid an unattended birth. After 2 hours of induced 
labor, the cervix was found to be dilated to 8 to 9 cm 
with the vertex at the 0 station. The patient was noted 
to be perspiring perfusely over the face and neck. Con- 
currently, she developed the sudden onset of severe 
posterior neck and occipital headache. Blood pressure 
was measured at 219/100 torr and she was given 5 mg 
of hydralazine intravenously. Within minutes the cervix 
was noted to be completely dilated and the vertex at a 
+] station. Blood pressures were 150/90 and 170/100 
torr. Ten minutes after entering the second stage of 
labor, the patient became incoherent and nonrespon- 
sive. A 3118 gm male infant with Apgar scores of 8 and 
9 at l and 5 minutes, respectively, was delivered by low 
forceps. The infant's subsequent course and develop- 
ment were normal. The mother remained comatose 
with unequal and nonreactive pupils. She was respon- 
sive only to deep pain and became apneic with labile 
blood pressure in the hours after birth. A computed 
tomographic scan revealed massive intraventricular 
hemorrhage in the lateral and third and fourth ven- 
tricles. Therapy included ventriculostomy and tracheal 
intubation with subsequent tracheostomy and admin- 
istration of corticosteroids. Carotid artery arteriograms 
on the second postpartum day revealed diffuse vascular 
spasm of the proximal intracranial vessels without re- 
vealing any bleeding site. After a stormy 2-week course 
of supportive care, the patient began to trigger the 
respirator spontaneously. On the twenty-eighth post- 
partum day, she was extubated and 2 days later was 
able to respond to verbal commands. Over the ensuing 
weeks, the patient slowly improved to her present abil- 
ity to comprehend and speak. She regained her pre- 
vious partial arm and hand function but retains a right 
hemianopia and extraocular muscle dysfunction not 
previously noted along with defects of short-term mem- 
ory and cognitive function. 


Comment 


The syndrome of autonomic hyperreflexia or dys- 
reflexia in patients with cord damage was first reported 
by Head and Riddoch” in 1916 and subsequently by 
others.''’* Autonomic hyperreflexia is now well rec- 
ognized as a feature of disordered neurological re- 
sponse to noxious stimuli occurring below the level of 
cord damage, characteristically above the seventh to 
fifth thoracic vertebrae. Autonomic hyperflexion be- 
gins in the months after recovery from spinal shock.” 
Noisome visceral stimulation such as bladder, rectal, or 
cervical distention, contraction, or manipulation as- 
cends in spinothalamic tracts and posterior columns.'* 
Other painful stimuli that elicit autonomic hyperre- 
flexia include strong suprapubic bladder pressure, per- 
ineal manipulation during disimpaction, excessive deep 
breathing, and immersion of feet in cold water. Such 
stimuli elicit a spina! reflex of sympathetic and para- 
sympathetic outflow which is uninhibited by either su- 
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praspinal centers below the lesion or elsewhere in the 
central nervous system. Acute hypertension is me- 
diated by peripheral and splanchnic vasoconstriction 
and commonly reaches levels of 200 torr systolic and 
150 torr diastolic.’ Intense vagal stimulation results 
from stimulation of aortic arch and carotid sinus re- 
ceptors and mediates bradycardia and cardiac arrhyth- 


mias.” Marked diaphoresis and piloerection limited to 


dermatomes above the cord lesion result from un- 
damped increased autonomic tone with release of cat- 
echolamines and/or prostaglandins into the circula- 
tion.'*'*'° Most investigators feel that the characteristic 
sudden onset of hedache and possible encephalopathy 
and cerebrovascular accident is due directly to the 
sharply increased blood pressure which occurs in syn- 
chrony with the noxious stimuli.'* * Marked flushing 
above the level of the lesion along with unilateral pupil 
dilation and nasal stuffiness is also frequently noted. 
Specific effects of increased levels of various catechol- 
amines and prostaglandins on uterine activity remain 
unstudied, although labor is anecdotally rapid.’ 

Hypertensive crisis with possible encephalopathy and 
cerebrovascular accident is well described in nonpreg- 
nant cord-damaged patients.'’* However, only one other 
incidence of cerebrovascular accident due to autonomic 
hyperreflexia has been adequately described during 
pregnancy. Abouleish’® reported a maternal death 
from intracranial hemorrhage due to autonomic hy- 
perreflexia which was mistaken for preeclampsia. Since 
as many as two thirds of carefully observed pregnant 
women with cord lesions at T-6 or above develop au- 
tonomic hyperreflexia to some degree during labor, it 
is likely that similar episodes of cerebrovascular acci- 
dent have been misdiagnosed as due to pregnancy-as- 
sociated hypertension.’ 

Avoidance and expeditious handling of possible au- 
tonomic hyperreflexia in labor remain the overriding 
concern in the care of cord-damaged women in labor. 
The occurrence of autonomic hyperreflexia appears 
limited to women with cord transection above T-6. Par- 
tially expressed syndromes occur with incomplete cord 
severance.” *!” As with all cord-damaged individuals, 
noxious stimuli should be avoided at all times in patients 
with a history of autonomic hyperreflexia. Vaginal ex- 
amination, Foley catheter placement, or rectal manip- 
ulation should be preceded by topical application of 
anesthetic jelly to reduce stimulation. Mandatory blad- 
der catheter drainage during labor should be repeat- 
edly monitored so as to avoid obstruction with bladder 
distention and subsequent autonomic hyperreflexia.” 
Unlike the more common hypertensive complications 
of pregnancy, such as preeclampsia-eclampsia, the el- 
evated blood pressure associated with autonomic hy- 
perreflexia builds rapidly with the contraction and 
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abates markedly between uterine contractions and the 
entire constellation of changes disappears rapidly after 
delivery.' Blood pressure determinations between uter- 
ine contractions do not accurately reflect the condition 
or response ‘to antihypertensive therapy. 

Watson and Downey’! suggested that regional anes- 
thesia, such as epidural or spinal block, is optimal for 
preventing and controlling autonomic, hyperreflexia 
during labor. Regional anesthesia has been used to 
eliminate autonomic hyperreflexia in cord-damaged 
nonpregnant individuals with success.’* Fears regard- 
ing use of regional anesthesia in patients with neuro- 
logical damage may have to be overcome with consul- 
tation well before the onset of labor. Use of paracervical 
block to eliminate neurological stimulation during cer- 
vical dilatation remains unstudied but should be ac- 
companied with direct fetal monitoring if attempted. 
Since abdominal pressure may initiate autonomic hy- 
perreflexia, fetal monitoring is likely best performed 
either with periodic auscultation by Doppler devices or 
by continuous fetal scalp electrode monitoring with 
avoidance of constraining external abdominal belts.”° 
Frequent maternal monitoring with observation for 
signs of autonomic hyperreflexia, such as perspiration, 
flushing, and elevated blood pressure during contrac- 
tions, is mandatory. Blood pressure monitoring should 
be frequent, if not continuous, when the patient is in 
active labor. Robertson” and Tabsch et al.” recommend 
placement of an arterial line to continuously measure 
blood pressure, but frequent cuff monitoring appears 
satisfactory. 

If autonomic hyperreflexia is not prevented or sat- 
isfactorily mitigated by a regional anesthetic, then 
short-acting antihypertensive agents should be given 
under careful control. There is little information on 
agents of choice in this situation in which both the ma- 
ternal and the fetal condition must be closely moni- 
tored. While medications such as hydralazine or dia- 
zoxide have been more commonly used in pregnancy, 
there is considerable experience with pump- or drip- 
infused solutions of ganglionic blockers such as tri- 
methaphan, which have been successfully used to 
control autonomic hyperreflexia in nonpregnant pa- 
tients.”’** Use of any of these agents or nitroprusside 
infusion should be accompanied with close monitoring 
of effective intravascular volume, preferably with cen- 
tral venous pressure line readings to guide fluid man- 
agement.” ** With evidence of continuing autonomic 
hyperreflexia during the second stage of labor, labor 
may be reasonably shortened with forceps- or vacuum 
extraction—assisted delivery with adequate anesthesia. 
Even though delivery by cesarean section is associated 
with prompt cessation of autonomic hyperreflexia, ce- 
sarean section should be reserved for obstetric indi- 
cations.®® Y In any of these circumstances, optimal care 
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depends on the cooperation between obstetric, anes- 
thetic, rehabilitative, and nursing personnel and the 
patient herself and must be initiated long before the 
crisis of autonomic hyperreflexia supervenes. 

In summary, reproductive care of spinal cord—dam- 
aged women demands knowledge of these individuals’ 
reproductive potential and the specific complications 
which put these women at risk during pregnancy and 
delivery. Of these, autonomic hyperreflexia, a syn- 
drome resulting from undamped autonomic stimula- 
tion, Occurs In as many as two thirds of women with 
cord lesions above T-6. Autonomic hyperreflexia man- 


ifests itself with flushing and piloerection above the 


cord lesion level and acute hypertension which may 
lead to hypertensive crisis and cerebrovascular hem- 
orrhage and possible death. Prevention and treatment 
of autonomic hyperreflexia require preplanning and 
coordinated care of cord-damaged women in labor by 
obstetric, anesthetic, and nursing care providers. 
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Estimation of fetal weight with the use of head, body, and 
femur measurements—A prospective study 


Frank P. Hadlock, M.D., R. B. Harrist, Ph.D., Ralph S. Sharman, M.D., 


Russell L. Deter, M.D., and Seung K. Park, M.D. 
Houston, Texas 


in utero estimates of fetal weight were evaluated prospectively in 109 fetuses with the use of sonographic 
models developed in a previous study. This report confirms that the best in utero weight estimates 

result from the use of models based on measurements of head size, abdominal size, and femur length. 
Since the accuracy of these models (1 SD=7.5%) is significantly better than those based on measurements 
of head and body (e.g., biparietal diameter, abdominal circumference), we recommend routine use of 

such models in obstetric sonography. (AM J OssteT GYNECOL 1985;151 7333-7.) 


Key words: Fetal weight, ultrasound 


In a previous report! we demonstrated that the most 
accurate estimates of fetal weight in utero are those 
based on at least three fetal measurements—biparietal 
diameter or head circumference as an index of head 
size, abdominal circumference as an index of body 
girth, and femur length as an index of crown-heel 
length. The purpose of the current study was to eval- 
uate this method of estimating fetal weight prospec- 
tively in a new fetal populauon. 


Material and methods 


The study population consisted of 109 predomi- 
nately middle class Caucasian patients examined by 
physicians by means of commercially available linear- 
array real-time systems (ADR models 2130 and 4000, 
Siemen’s model 238), and Technicare model 256). The 
majority of patients were examined within 3 days of 
delivery, and all patients were examined within at least 
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l week of delivery. The study population was unse- 
lected and included preterm, term, and postterm fe- 
tuses as well as fetuses that were growth retarded or 


'macrosomic. The imaging and measurement tech- 


niques used have been previously described in detail.’ 

The fetal weight was estimated in this population by 
means of models from our previous study.’ These es- 
timates were compared with weight estimates with the 
use of the model of Shepherd et al.,? which is based on 
measurements of biparietal diameter and abdominal 
circumference. The errors in predicting fetal weight 
were expressed as a percentage of actual birth weight 
by means of the following method: 


Error (%) = predicted weight — 
actual weight/actual weight x 100 


The ¢ test was used to determine if the mean errors 
were different from zero, and the F test was used to 
determine if there were significant differences in the 
standard deviations of the mean errors. 


Results 

The accuracy of our original models,’ as well as the 
model of Shephard et al.,? are summarized in Table I. 
As noted in our previous study, the combination of 
abdominal circumference and femur length and all 
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Table I. Summary of accuracy of models 





Parameters” 


1.3 + 10.1 


Shepard et al. 


' Biparietal diameter, 

- abdominal cir- 

cumference 
. Head'circumfer- 

‘ence, abdominal 

‘ errcumference 

Abdominal circum- 
ference, femur 
length 

Biparietal diameter, 
abdominal cir- 
cumference, fe- 
mur length 

Head circumfer- 
ence, abdominal 
circumference, 
femur lengtht 

Biparietal diameter, 
head circumfer- 
ence, abdominal 
circumference, 
femur length 


Hadlock et al,- 15 + 9.8 


Hadlock et al.’ 04 + 7.7 


Hadlock et al." 14+73 


Hadlock etal’ 23 £74 


Hadlock et al.’ =07 + 7.3 


*Fetal measurements in cm; fetal weight in. gm. 
{ Deviation(%) 
Mean difference statistically significant (p = 0.05). 


Total <1500 gm 1300 200 gm 
(N = 109) (n = 13) = 14) 


-3.9 + 10.0 
— 0.6 + 10.6 
— 3.9 + 8.3 


— 5,3 + 9.0. 
-= —46 + 9,7 


5.4 + 9.0 


Mean deviation + SD(%)t 


2000-2500 gm 
(n = 15) 


3.0). 19.1. 


2500-3000 gm 
- (n= 12) _ 


bo 10.2 —0.2 + l.i 


— 1.4 + 12.9. 4.9 + 13.6 — 28 + 8.8 


0.9 + 8.5 1.6 + 8.5 0.3 + 7.6 


22 = 7.0 3.2 + 7.6 132 7.7 


49+ 7.3 1.7 + 6.6 


=A + 7.0 —2.6 + 7.8 —0.4 + 74 


= predicted weight — actual weight/actual weight x 1 00. 


Table II. New regression models based on an expanded sample population (n =. 276 fetuses) 


Fetal parameters 


Abdominal circumference, femur length 

Biparietal diameter, abdominal circumference, 
femur length 

Head circumference, abdominal circumfer- 
ence, femur length 

Biparietal diameter, head circumference, 
abdominal circumference, femur length 


Log weight = 
Log weight = 
- AC + 0.1623 FL 
Logi) weight = 
AC + 0.158 FL 

, Logi weight = 
BPD x AC + (0.0424 AC + 0.174 FL 


Regresston equattons* 


1.304 + 0.05281 AC + 0.1938 FL — 0.004 AC x FL 
1.335 — 0.0034 AC x FL + 0.0316 BPD + 0.0457 


1.326 — 0.00326 AC x FL + 0.0107 HC + 0.0438 
1.3596 — 0.00386 AC x FL + 0. 0064 HC + 0.00061 


+ AC, abdominal circumference; FL, emur length; BPD, biparietal diameter; HC, head circumference. 


combinations of three or more parameters resulted in 
significantly (p = 0.05) better weight estimates than 
those using measurements of head and abdomen (e.g., 
biparietal diameter and abdominal circumference, 
head circumference and abdominal circumference). 
The largest random errors (the standard deviation is 
an index of random errors) resulted from use of the 
model of Shephard et al.®; the size-of the error (1 
SD = 10.1%) is identical to the standard deviation of 
the regression originally reported by Warsof and 
associates* 4 with use of the biparietal diameter and 
abdominal circumference. The standard deviation for 
our head circumference and abdominal circumference 


model is slightly higher (9.8% versus 9.1%) than pre-. 


viously reported.' ‘The standard deviation for our ab- 
dominal circumference and femur length model is 


slightly lower (7.7% versus 8.2%) than previously re- 
ported. These differences, and the minor differences 
in standard deviations for biparietal diameter, abdom- 
inal circumference and femur length (7.3% versus 
7.7%, head circumference, abdominal circumference, 
and femur length (7.4% versus 7.6%), and biparietal 
diameter, head circumference, abdominal circumfer- 
ence, and femur length (7.3% versus 7.5%), are not 
statistically significant (p = 0.05). 

Of some concern is the finding of small systematic 
errors (in this context the mean deviation is an index 
of systematic error) for several of the models (Table I). 
The largest systematic error was 2.3% for the head 
circumference, abdominal circumference, and femur 
length model. The reason for this systematic error is- 
not readily apparent; it may be related to the fact that 
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Mean deviation + SD (%t) 


3500-4000 gm 
(n = 16) 


3000-3500 gm 
(n = 20) 





1.5 + 84 2.8 + 8.8 2.5 + 7.1 
— (0.8 + 6.6 4.2 m ai g 5.1 + 5.9 
— 1.9 + 7.2 — 0.7 + 6.8 5.2 + 5.2 

0.1 + 6.0 14+ 7.1 48+ 5] 

0.2 + 59 3.2 + 6.9 6.3 + 5.] 

0.9 + 5.9 —].2 + 7.2 —4.0 + 5.2 


many of the examinations in this study were performed 
by physicians with less experience than those in the 
previous study. 


Comment 


Although the mean deviation and standard deviation 
of a regression model from a given population are use- 
ful indices of the magnitude of the systematic error and 
random error which one could expect using the model, 
it is important to keep in mind that there is an inherent 
bias in favor of the model, since it is in effect being 
tested on the population from which it was developed. 
It is appropriate therefore to initiate further testing of 
the model(s) in a new population of patients. The re- 
sults from the 109 fetuses in this population indicate 
that the systematic and random errors for the models 
generated in our previous study are accurate estimates 
of these errors in our general population. 

A second question that one should attempt to answer 
is whether the original sample population was large 
enough to be truly representative of a general popu- 
lation of fetuses. In order to answer this question, we 
combined the original study population (n = 167) with 
the current study population (n = 109) to form a com- 
posite population of 276 fetuses. We then evaluated the 
various combinations of fetal parameters previously re- 
ported,’ using regression analysis to determine whether 
improvements in the accuracy of the weight-estimating 
procedure (as indicated by the standard deviation of 
the regression) could be achieved by the increased sam- 
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Table ITI. Comparison of weight-estimating 
models derived from fetal populations of 
different sizes* 


. Mean deviation Coefficient of 
Fetal parameters o + SD (%) determination (%) 


Head circumfer- 
ence, abdomt- 
nal circum- 
ference 
Model I 0.4 
Model 2 0.4 
Abdominal circum- 
ference, femur 
length 
Model 1 
Model 2 
Biparietal diameter, 
abdominal 
circumference, 
femur length 
Model | 
Mode! 2 
Head circumfer- 
ence, abdomi- 
nal circum fer- 
ence, femur 
length . 
Model 1 
Model 2 
Biparietal diameter, 
head circum- 
ference, ab- 
dominal cir- 
cumference, 
femur length 
Model 1 0.3 
Model 2 © 0.1 


9.1 95.2 
9.1 l 96.5 


8.2 96.0 
8.0 97.3 


OIE 96.5 
0.3 + 7.5 97.6 


96.5 
97.6 


aS 
D ws 
t+ I+ 


nde 
mH 


7.5 96.5 
7.4 97.7 


H H 


*Model | refers to our original study’ (n = 167). Model 2 
refers to a combined population (n = 276); the regression 
equations are listed in Table II. 


ple size. The differences in the accuracy of the old and 
new models, which are summarized in Tables II and 
HI, are not statistically significant (p = 0.05). There 
was a slight increase in the coefficient of determination 
(r°) for the models based on the population of 276 
fetuses, which indicates that these models explain a 
slightly higher percentage of the observed variability 
than the previous models. We do not feel that these 
differences are clinically significant. 

One fetus that we have evaluated subsequent to this 
study provides a useful example of why it is important 


` to analyze head size, trunk size, and length when at- 


tempting to estimate fetal weight in utero. This fetus, 
which had profound microcephaly secondary to an 
early viral infection in utero, had the following mea- 
surements: biparietal diameter, 5.7 cm; head circum- 
ference, 21.3 cm; abdominal circumference, 28.5 cm; 
femur length, 7.5 cm. The weight estimation based on 
the model of Shepherd et al.? using biparietal diameter 
and abdominal circumference resulted in an error of 
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Fig. 1. Distribution of weight estimates in 361 normal pregnancies with the use of the head circum- 
ference, abdominal circumference, and femur length model.' The solid lines represent the 10th and 
90th percentiles for birth weight based on the study of Williams et al.° 
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Fig. 2. Mean predicted weight at each week of gestation with use of the head circumference, 
abdominal circumference, and femur length model’ in 361 normal pregnancies (o---o) compared 
with the expected weight at each week of gestation based on the longitudinal study of Deter et al.’ 
(AA). aa l 
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1197 gm (46.8%), whereas the model using head cir- 
cumference, abdominal circumference, and femur 
length resulted in an error of 165 gm (7.3%) when 
compared to the actual birth weight of 2250 gm. 

A recent report’ has questioned the validity of cur- 
rently available in utero weight standards such as the 
study by Williams et al.ê of over two million newborn 
infants. The argument against such standards is based 
on the premise that preterm deliveries (which are used 
in part to create these standards) are not normal phys- 
iologic events and that it may be erroneous to assume 
that these are normal fetuses. Ott and Doyle’ has sug- 
gested the use of a new fetal weight standard based on 
in utéro sonographic weight estimates of 186 fetuses 
by means of the model of Shephard et al.' (biparietal 
diameter and abdominal circumference). Given the in- 
herent error in this weight-estimating procedure (2 
SD = +20%),** we feel that the weight standard sug- 
gested by Ott and Doyle® should not be substituted for 
standards such as those of Williams et al.ê In fact, when 
we evaluated our optimal model’ (head circumference, 
abdominal circumference, and femur length) on 361 
normal fetuses in utero, the shape of the weight curve 
was identical to that reported by Williams et al. (Fig. 
1), and almost all data points fell within the normal 
range. Moreover, when we compared the mean weight 
estimate at weekly intervals in this population with the 
predicted weight based on the longitudinal study of 
Deter et al., the growth curves were virtually identical 
(Fig. 2). We conclude that weight standards such as 
those of Williams et al. are appropriate standards of 
normal growth for the populations from which they 
were derived. When choosing such a standard for one’s 
own population, it is of obvious importance to consider 
race, sex, socioeconomic factors, geographic locale, or 
any other factor that may influence the normal weight 
range in a given population of fetuses.* 

In summary, our study establishes two points: (1) it 
confirms that the addition of femur length to head and 
abdomen measurements increases the accuracy of 
in utero weight estimates based on ultrasound studies, 
and (2) it demonstrates that the regression models from 
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our original study’ based on 167 fetuses are accurate 
estimators of weight in our general population. In our 
previous report we suggested that the head circumfer- 
ence 1s a better index of head size than the biparietal 
diameter (primarily because of its relative shape in- 
dependence) and that the head circumference, abdom- 
inal circumference, and femur length ‘model could be 
considered the best overall model. Because of the small 
systematic error observed in use of the original head 
circumference, abdominal circumference, and femur 
length model in our prospective population, we suggest 
that the new head circumference, abdominal circum- 
ference, and femur length equation in Table II be con- 
sidered the optimal weight-estimating model for gen- 
eral use. Clearly, when a given measurement is tech- 
nically inadequate or impossible to obtain (e.g., the 
head measurement when the head is deeply engaged), 
a model should be chosen based on the measurements 
available. Finally, it must be emphasized that popula- 
tion differences or subtle differences in imaging and 
measurement techniques may change the form of the 
optimal equation or the values of its coefficients.’ 
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Haemophilus influenzae causes purulent salpingitis 


_ Jorma Paavonen, M.D., Matti Lehtinen, M.D., Klaus Teisala, M.D., 
Pentti K: Heinonen, M.D., Reijo Punnonen, M.D., Risto Aine, M.D., 


. , Ari Miettinen, M.D., and Paul Grénroos, M.D. 


Tampere Finland 


We describe two patients with laparoscopically diagnosed, severe acute salpingitis who had nontypable 
Haemophilus influenzae isolated directly. from the fallopian tubes. Nontypabie H. influenzae should be 
recognized as an important genital pathogen. (Ana J OasTer GYNECOL 1985;151 :338- -9.) 


Key words: Haemophilus influenzae, salpingitis 


Haemophilus influenzae has rarely been isolated di- 
rectly from the fallopian tubes.' We report two cases of 
women with pelvic inflammatory disease who had se- 
rologically nontypable H. influenzae but no other mi- 
croorganisms isolated. from the fallopian tubes at lap- 
aroscopy. o A m 


Case reports 


Case 1. A 22-year-old, gravida 0, para 0 woman was 
admitted to the hospital because of pelvic pain of 7 


days’ duration. Her last sexual exposure was 21 days - 


earlier, and she practiced oral sex. On examination, 
mucopurulent endocervical discharge and moderate 
uterine and left adnexal tenderness were noted. The 


erythrocyte sedimentation rate was 53, and white blood 


cell count was 13.4'x 10°/L. A Papanicolaou cervico- 
vaginal smear showed coccal flora and a large number 
of endocervical leukocytes (3 +) but no cellular atypia. 
Since acute pelvic inflammatory disease was suspected, 
laparoscopy was performed the next day, alter rernoval 
of the intrauterine contraceptive device. Laparoscopy 
showed sévere salpingitis with a yellow discharge com- 
ing out from the fimbrial end of. the right fallopian 
tube. A left pyosalpirix was punctured under laparo- 
scopic control and thick yellow pus was obtained. H. 
influenzae (3 + growth) but no other microorganism was 
isolated from both fallopian tubes. The isolated strain 
was serologically nontypable H. influenzae, Kilian’s bio- 
type H (Table 1). H. influenzae (same strain, 3+ growth) 
together. with Bacteroides bivius, a-hemolytic strepto- 
cocci, and Chlamydia trachomatis was isolated from the 
endometrial aspirate obtained transcervically by means 
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of a double-lumen catheter. Except for the isolation 
of Trichomonas vaginalis from the vagina and C. tracho- 
matis From the endometrium, cultures for C. trachomatis, 
Neisseria gonorrhoeae, Mycoplasma hominis, T. vaginalis, 
Ureaplasma urealyticum, herpes simplex virus, and. cy- 
tomegalovirus were negative from all sites (cervix, en- 


_ dometrium, fallopian tubes, and cul-de-sac). Cytologic 


examination of peritoneal fluid revealed moderate 
nonspecific inflammation with a large number (3+) of 
polymorphonuclear leukocytes. Endometrial biopsy 
showed severe plasma cell endometritis with lymphoid 
follicles. Following laparoscopy, intravenous treatment 


with doxycycline, 100 mg twice daily, and metronida- 


zole, 500 mg three times daily, for 2 days was started. 
Treatment continued orally for 2 weeks and resulted 
in uneventful recovery. 

Case 2. A 29-year-old, gravida 1, para 1 woman was 
admitted to the hospital because of fever, low abdom- 
inal pain, and intermenstrual vaginal bleeding of 7 to 
10 days’ duration. Her last sexual exposure was 14 days 
earlier, and she denied oral sex. On examination, pu- 
rulent cervicovaginal discharge, moderate cervical mo- 
tion tenderness, and severe adnexal tenderness were 
noted. The erythrocyte sedimentation rate was 64, and 
white blood cell count was 12.8 x 10°/L. At laparos- 
copy severe salpingitis with left tuboovarian abscess was 
seen, and 40 ml of yellow pus was aspirated from the 
abscess. Severe erythema of the uterus and filmy avas- 
cular adhesions involving the cul-de-sac were seen. H. 
influenzae (3+ growth) was isolated from the tubal as- 
pirate but not from the endometrium or cul- de-sac. 
The strain was serologically nontypable H. influenzae, 
biotype III (Table I); cervical, endometrial, fallopian 
tube, and cul-de-sac cultures for N. gonorrhoeae, C. tra- 
chomatis, cytomegalovirus, herpes simplex virus, T. va- 
ginalis, M. hominis, and U. urealyticum were all negative. 
Papanicolaou smear showed benign inflammatory 
atypia of the epithelial cells and was positive for clue 
cells and actinomyces-like organisms. Cytologic exam- 
ination of the peritoneal fluid revealed a large number 
of polymorphonuclear leukocytes. Endometrial biopsy 
showed moderate plasma cell endometritis. Intrave- 
nous treatment with aqueous penicillin G procaine, 3 
MU. four times daily, and metronidazole, 500 mg three 


Volume 151 
Number 3 


Haemophilus influenzae causes purulent salpingitis 339 


Table I. Characteristics of the two H. influenzae strains isolated from patients with acute salpingitis and 
two reference strains | 























‘ Ornithine- Brotype of 
V-factor Utilization of | Formation of decarboxylase isolated 
Strain Serotype” requiremeni õ-alanine indole acttuity strain 














H. influenzae NT + 
(ATCC 35056) 

H. influenzae NT + 
(NCTC 8468) . 

H. influenzae ` NT + 
(Case [) i 

H. influenzae NT + 
(Case 2) 





















+ + + I 

A + 4 IV 
+ + - II 
e + s HI 


*Serotyping was done by use of a commercial latex-agglutination lot (Difco). NT, Nontypable. 


times daily, was started followed by oral treatment for 
2 weeks. On examination 2 weeks later, ultrasonogra- 
phy revealed.an echo-dense mass on both sides of the 
uterus. Two weeks later the examination was normal. 


Comment 


Both patients had mucopurulent cervicitis, endo- 
metritis (determined by endometrial biopsy), and sal- 
pingitis (seen at laparoscopy), indicating intralumi- 
nal infection. We have so far examined 36 patients 
with suspected pelvic inflammatory disease, of whom 
29 had salpingitis at laparoscopy. Thus the isolation rate 
of H. influenzae from the fallopian tubes of women with 
salpingitis was 7% (two of 29). None of the case subjects 
or control subjects who did not have salpingitis had H. 
influenzae isolated from the tubes (or from the endo- 
metrium), The negative culture results for other or- 
ganisms from the fallopian tubes in these two cases can 
hardly be explained by insensitivity or failure of the 
culture techniques since many other organisms have 
been isolated from the tubes in other cases of pelvic 
inflammatory disease in this ongoing study. Although 
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C. trachomatis and a-hemolytic streptococci were simul- 
taneously isolated from the endometrium of the first 
patient (Case 1), only H. influenzae was isolated from 
the tubes. _ 

It was of particular interest that both of the isolated 
strains belonged to the serologically nontypable group 
of H. influenzae which has been suggested to play a role 
in the infections affecting this area.* The source of the 
isolated H, influenzae strains could not be determined 
as urethral and pharyngeal cultures from the sex part- 
ners of the two patients were not obtained. 

Our study indicates that the serologically nontypable 
strain of H. influenzae should be included among the 
microorganisms which can cause purulent infection of 


_ the fallopian tubes. 
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Malformations and chromosome anomalies in spontaneously 
aborted fetuses with single umbilical artery 


Julianne Byrne, Ph.D., and William A. Blanc, M.D. 
New York, New York 


_ Presence of a single umbilical artery was noted 13 times among a series of 879 consecutively collected, 
spontaneously aborted embryos and fetuses. This rate of 1.5% is approximately twice that reported 
from the largest series of term births. Eight of the 13 fetuses had additional serious malformations. Of nine 
successfully karyotyped fetuses, six had chromosome anomalies. All six occurred in fetuses with severe 
malformations in addition to the single umbilical artery. The presence of single umbilical artery with 
other major anatomic defects may be a significant predictor of the presence of chromosome anomalies in 
live births. Early recognition of offspring with chromosome anomalies will ke useful in counseling the 
family and in managing the care of the infant. (Am J OBsTET GYNECOL 1985;151:340-2.) 


_ Key words: Single umbilical artery, fetus, karyotype, spontaneous abortion 


The association between the absence of one.of the 
two umbilical arteries and the presence of other mal- 
. formations has been known since the time of the Re- 
naissance, and has been the subject of numerous studies 
in the. past 30 years. Most recent reports have been 
- concerned with infants and stillbirths; few authors have 
studied this phenomenon in fetal deaths prior to 28 
weeks. Furthermore, chromosome studies have been 
carried out only sporadically within the existing studies. 
This paper describes the association between the pres- 
ence of a single umbilical artery, other malformations, 
and chromosome anomalies in a-consecutively collected 
series of spontaneous abortions. 


Material and methods 

The data are derived from an epidemiologic, cyto- 
genetic, and pathologic study of spontaneous abortions 
conducted between January, 1977, and August, 1981, 
in New York City’ (also unpublished observations). The 
identification of single umbilical artery was made by 
inspection of the cord, by i inspection of the pelvic aortic 
“branches, by histologic examination of the cord, or by 
a combination of all three methods. 
_ Although nearly 3500 specimens from spontaneous 
_ abortions were examined over the study period, the 
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frequency of single umbilical artery is based only -on 
those cases whose development had proceeded at least 
to the point where the number of umbilical vessels and 
the presence of malformations could be detected. 
About three quarters of the total number of specimens 
were excluded by this criterion, which left 879 cases of 
spontaneous abortions consisting of intact embryos > 10 
mm crown-rump length and all fetuses, by definition 
>30 mm crown-rump length. 


Results 


Presence of a single umbilical artery was identified 
in 13 individuals among 879 singleton embryos and 
fetuses. ‘The rate of single umbilical artery in this series 
of spontaneous abortions is therefore 14.8 per 1000 
embryos and fetuses (1.5%). Eight of the.13, or 62%, 


had additional malformations. Table I lists the 13 in- 


dividual cases with their other associated malformations 
and karyotypes. 

In four cases, single umbilical artery occurred as an 
isolated malformation; one additional specimen also 
had a malrotation of the gut. The remainder had a 
variety of malformations, all of them severe. Nine fe- 
tuses were successfully karyotyped; three hada normal 
karyotype and six had chromosome anomalies—three 
cases of trisomy 18 and one each of trisomy 7, triploidy, 
and monosomy X. The three normal karyotypes oc- 
curred in fetuses without other severe malformations. 


_ No fetus with single umbilical artery and severe’ mal- 


formations had a normal karyotype. The rate of chro- 
mosome anomalies in fetuses with single umbilical ar- 
tery. 67%, is significantly higher (Xi = 4.07; p < 0.05) 
thar: the rate of chromosome anomalies in fetuses with 
other malformations, which was 31% (24/74) (unpub- 
lished observations). 
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Table I. Spontaneously aborted embryos and fetuses with single umbilical artery 


Week of Crown-rump 
No. Karyctype gestation length (mm) 
l 46,X% 
2 — 27 200 
3 46,XX% 23 120 
4 = | 17 es 
5 46, X*% 21 163 
6 — — 75 
7 — ' 28 155 
8 69, XXX. 23 135 
g 47,XY,— 18 27 210 
10 47,XY,+ 18 28 192 
1] 47, XX,+18 — 55 
12 47,XY.+7 20 .100 
13 45,X 25 195 
Comment 


The rate of occurrence of single umbilical artery in 
our study, 1.5%, is twice as high as rates reported from 
the largest unselected series of term births. Bryan and 
Kohler? reported a rate of 0.72% from nearly 20,000 
placentas, and Heinonen et al.” found single umbilical 
artery in 0.75% of 45,192 children in the Collaborative 
Perinatal Project. Other studies have found rates closer 
to 1%.** The only other study to have reported on the 
rate of single umbilical artery in spontaneous abortions’ 
found this condition in four of 148 fetuses, for a rate 
of 2.7%. The differences between this rate and that 
found in our study may reflect real spatial and/or tem- 
poral differences, may represent random variation, or 
may be due to a sampling technique that overempha- 
sized malformed fetuses. j 

The rate of other malformations in infants with sin- 
gle umbilical artery is about 18% in the three largest 


Single umbilical artery 

Single umbilical artery 

Single umbilical artery, malrotation 

of the gut 

Single umbilical artery 

F Single umbilical artery 

M Single umbilical artery, short arms 
and legs 

M Single umbilical artery, arthrogryposis, 
malrotation of the gut, ectopic 
gonad 

F Single umbilical artery, hydrocephalus, 
ventricular septal defect, adrenal 
and pulmonary hypoplasia, ambigu- 
ous genitalia, small kidney, syndac- 
tyly of hands (R, 3+4; L, 2+3+4) 
and feet (R+L, 2+3+4+5) 

M Single umbilical artery, talipes, micro- 
cardia, hypoplastic lungs, malrota- 
tion of the gut, enlarged urinary 
bladder, micropenis, prune belly, 
syndactyly of left foot (3 + 4) 

M Single umbilical artery, cleft lip and 
palate, ventricular septal defect, 
hydrocephalus, small chin and eyes, 
malformed ears, hypoplastic lungs, 
malrotation, left renal agenesis, 
omphalocele, polydactyly, syndactyly 


Pri br} Pri 


F Single umbilical artery, short arms 
and legs, cleft lip and palate 
M Single umbilical artery, cleft palate, 


hypoplastic mandible, right descend- 
ing aorta, malrotation, small kidney 
and adrenal, micropenis 

FẸ Single umbilical artery, short arms 
and legs, ventricular septal defect, 
bicuspid aortic valve, persistent 
left superior vena cava, preductal 
coarctation, hypoplastic lungs, 
horseshoe kidney, asymmetric 
gonads, cystic hygroma 


series.” ”’ In our series 62% of cases of single umbilical 
artery had other serious malformations, an increase of 
about 3.5 times over the rate at term. In our study, we 
found no preponderance of anomalies of any one or- 
gan system. This was true of the Collaborative Perinatal 
Project also, where the risks for having another mal- 
formation if the infant had single umbilical artery 
ranged from 5.1 for defects of the cardiovascular sys- 
tem to 10.8 for malformations of the genitourinary 
system, excluding hypospadias.° . 

It is noteworthy that in our series all fetuses which 
had both single umbilical artery and major malfor- 
mations also had chromosome anomalies. The absence 
of one umbilical artery in infants with chromosomal 
syndromes has been described by a number of authors 
(reviewed in Reference 2). Trisomy 18 has been the 
subject of the most numerous reports, but trisomy 13, 
trisomy 21, and Turner’s syndrome, or monosomy X, 


í 
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have also been reported with single umbilical artery.’ 
Single umbilical artery was identified in one of three 
spontaneously aborted fetuses with monosomy X by 
Singh and Carr.’ It is not known how many term infants 
with single umbilical artery with or without other mal- 
formations would have chromosome anomalies if all 
such infants were karyotyped. Vlietinck et al.° success- 
fully karyotyped 19 of 29 consecutively identified in- 
fants with single umbilical artery and found no chro- 
mosome anomalies among them. In another study 
Lenoski and Medovy" found normal chromosomes in 
three otherwise anatomically normal infants with single 
umbilical artery. . 

In our series of 879 embryos and fetuses 10.3% of 
malformed fetuses and 17.1% of chromosomally ab- 
normal fetuses had single umbilical artery. Three of six 
cases of trisomy I8 had single umbilical artery, as did 
the single trisomy 7 case. Single umbilical artery also 
occurred in one of three triploid fetuses and in one of 
' four fetuses with monosomy X. None of eight fetuses 
with trisomy 21 had single umbilical artery. It is possible 
that the wide range of malformations associated with 
single umbilical artery 1s explained by its association 
with chromosome anomalies, many of which have mul- 
tiple anatomic defects. 

This small series has shown that the rate of single 
umbilical artery among early fetal deaths exceeds the 
rate at term by about twofold, and the rate of other 
malformations among affected fetuses is about three 
times higher than the comparable rate in term births. 
In our study all fetuses with single umbilical artery and 
other major malformations had chromosome anoma- 
lies—trisomies, triploidy, and monosomy X. 

If results from studies of fetuses can be extrapolated 
to term births, then our study suggests that the asso- 
ciation of single umbilical artery with chromosome 
anomalies among malformed term births may be stron- 
ger than has previously been supposed. If further 
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studies bear out this hypothesis, then karyotyping of 
newbcrns where single umbilical artery occurs in com- 


`- bination-with other malformations should become part 


of standard obstetric practice. Early recognition of syn- 
dromes involving chromosome anomalies will be useful 
for counseling parents and for management decisions 
regarding the infant. | 

Prenatal identification by means of ultrasonography 
of fetuses affected with single umbilical artery’ should 
alert clinicians to the need for a more extensive search 
for other malformations and subsequent cytogenetic 
studies should they be found. 


We are grateful to D. Warburton, J. Kline, D. M. 
Parry. R. W. Miller, and J. J. Mulvihill for their critical] 
comments. 
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Fetal assessment based on fetal biophysical profile scoring: 


Experience i in 12,620 referred high- risk pregnancies 


I. Perinatal er by frequency and etiology 


Frank A. Manning, M.D., F.R.C.S., Ian Morrison, M.B., F.R.CS., 
Ian R. Lange, M.B., F.R.C.S., Christopher R. aoa M. D., F.R. C. S., and 


Paul F. Chamberlain, M. B., .F.R.C.S. 
sas a Manitoba, Canada 


Fetal biophysical profile scoring was used as a method for antepartum fetal risk assessment in 12,620 
high-risk patients referred in a 55-month interval. A total of 26,257 tests were performed on these patients 
(range, one-to 18 tests per patient). Ninety-three perinatal deaths occurred (gross perinatal mortality 

rate, 7.37 per 1000) of which 62 (66.6%) were due to a major anomaly, seven were due to Rh disease 
(7.5%), and the’ remaining 24 deaths (25.8%) occurred in structurally normal fetuses. The corrected 
perinatal mortality rate was 1.90 per 1000. Eight structurally normal fetuses died within 1 week of a normal 
test result (corrected false negative rate, 0.634 per 1000). These: data suggest fetal biophysical profile. 
scoring is an accurate method for identification of the fetus at risk for perinatal death. (Am J OBSTET GYNECOL 


1985;151:343-50.) 


Key words: Fetal biophysical profile, high-risk pregnancies, perinatal mortality 


Accurate prenatal recognition of acquired and con- 
genital disease states that affect fetal function and struc- 
ture must be a first critical step in reducing or pre- 
venting perinatal morbidity and mortality. The advent 
of real-time ultrasound imaging now permits simulta- 
neous assessment of a wide range of fetal structural 
and functional characteristics. In previous reports we 
and others have noted an improvement in perinatal 
mortality when five discrete fetal biophysical indices 
were observed and combined (fetal biophysical profile 
score) for use in perinatal management decisions. ™* In 
this prospective clinical study of 12,620 referred high- 
risk pregnancies further experience with this method 
and the resultant perinatal mortality are described: 
Perinatal mortality, considered in whole and by com- 
ponent parts, is selected as the end point to judge ef- 
ficacy of the method since it is not subject to observer 
bias and may therefore permit objective comparison 
between this and other methods and between this and 
other centers. Perinatal morbidity as observed i in this 
study will be detailed iri a subsequent report. 
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_ Methods 

The study period was for 55 consecutive months end- 
ing January, 1984. During this period consecutive re- 
ferred patients with recognized high-risk factors (Table 
I) and at a gestational age of at least 26 weeks were 
entered into the study. Patients with a fetal death rec- 
ognized at initial referral (71 patients) were excluded 
from the study population. A fetal biophysical profile 
score was recorded in all patients at all visits. In all 
patients, at the initial visit and most subsequent visits, 
the ultrasound examination included a detailed ana- 
tomic screén for anomalies and recording of fetal mor- 
phometric data. | 

The method used for fetal biophysical profile scoring 
has been reported previously (Table II).* Four variables 
(fetal movement, fetal breathing, fetal tone, and qual- 
itative amniotic fluid volume) were observed simulta- 
neously during ultrasound examination; the duration 
of observation was extended until each ultrasound- 
monitored variable met normal criteria or 30 minutes 
elapsed. In most instances (97%) when variables were 
normal the duration of ultrasound observation was 


<10 minutes. Variables were assigned an arbitrary 


score of 2 when normal and 0 when abnormal. In the 
first 22 months of the study a nonstress test was done 
in all patients regardless of the results of. the initial 
ultrasound observation. Interval analysis of the data 
indicated that the addition of the nonstress test did not 
improve discriminative accuracy when all ultrasound- 
monitored variables were recordéd as normal.® Based 
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Table I. Distribution of study population by 
primary indication* for referral 


Indication % of total 
Suspected intrauterine growth 2625 20.8 
retardation _ 
Hypertension 2209 17.5 
Postdates (42 weeks) 1464 11.6 
Diabetes (total) | 116] 9.2 
Class A 909 7.1 
<- Insulin-dependent 252 2.1 
~ Previous low-segment cesarean 618 4.9 
- | section. 
“*..3 Antepartum hemorrhage . 568 4.5 
`- Decreased fetal movement 543 4.3 
Previous stillbirth 542 4.3 
Maternal disease 44] ` 3.5 
Twins a 416 3.3 
Suspected anomaly 341 2.7 
Premature labor — 303 2.4 
Premature rupture of membranes 278 2.2 
Large for dates , 177 1.4 
Fetal heart rate anomaly 175 1.4 
Rh disease 139 lJ] 
Other >. 620 4.9 


Total 12,620 100 


*Many patients had multiple risk factors. Classification is 
by the factors promoting initial referral. 


on this analysis, routine nonstress testing was discon- 
tinued when the ultrasound variables were normal and 
used only when one or more of the ultrasound-moni- 
tored variables was abnormal. Additional tests of fetal 
well-being such as maternal serum estriol levels were 
not used at all and contraction stress testing was used 
rarely. | 


Perinatal management decisions were based on the 


results of the fetal biophysical profile score always as 
considered within the overall clinical context of each 
case (Table III). A normal score (biophysical profile 
score 28) -was ‘considered as indicative of a nonas- 
phyxiated fetus and in such cases the indication for 
delivery, if any, was based on other fetal, maternal, or 
obstetric factors. Thus, for example, delivery, was rec- 
ommended in the presence of a normal score if the 
fetus was recognized as being growth retardéd and pul- 
monary maturity was confirmed, if the patient was be- 
yond 42 completed weeks of gestation and the cervix 
was favorable’ for induction of labor, .or if the maternal 
medical condition- (for instance, preeclampsia) was 
deteriorating. Further, when oligohydramnios was 
observed in the postdate patient delivery was recom- 
mended even if the other components of the biophys- 
ical profile score were normal. An equivocal test result 
(biophysical profile score = 6) was considered as an 
indication for repeat testing .within 24 hours and if 
results were equivocal or abnormal at repeat testing 
then delivery was recommended. An abnormal test re- 
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sult (biophysical profile score =4) was always consid- 
ered an indication for delivery, and management was 
delayed only in the presence of extreme fetal imma- 
turity (<28 completed weeks of gestation). In all in- 
stances in which delivery was recommended, the route 
of delivery was based on a consideration of fetal, ob- 
stetric, and maternal factors; a trial of vaginal delivery 
was recommended unless otherwise contraindicated. 

Perinatal mortality was defined as death of a perinate 
of a birth weight of at least 500 gm and included deaths 
occurring within 28 completed days after birth. All 
perinatal deaths were assigned to one of three cate- 
gories, based upon probable: cause of death. The 
groups were: (1) death due to asphyxia or unknown 
cause in an otherwise structurally normal perinate, (2) 
death as a direct result of major anomaly(s), and (3) 
death as a consequence of Rh isoimmunization includ- 
ing traumatic death at the time of intrauterine trans- 
fusion. The latter group is defined separately since this 
center is a major referral center for treatment of isoim- 
munized fetuses and as a result such cases contribute 
disproportionately to the overall mortality.’ The false 
negative rate in this study is defined as stillbirth of a 
structurally normal fetus within 1 week of a last normal 
fetal biophysical score (28). | 


Results 


In total, 12,620 consecutive high-risk patients with a 
live fetus at the time of initial referral were studied. 
An additional 71 patients were noted to have a fetal 
death at the time of initial -assessment and were not 
considered as part of the study group. In the study 
group the mean gestational age at the time of initial 
assessment was 34.3 + 1.8 weeks (range, 26 to 44 
weeks). The distribution of these study patients in ac- 
cordance with the primary indication for referral is 
listed in Table I; most patients had more than one risk 
factor at initial referral. It is noted that four major risk 
factors accounted for more than half the study popu- 
lation (59.1%), being suspected intrauterine growth re- 
tardation (20.8%), hypertensive disorders of pregnancy 
(17.5%), postdate pregnancy (11.6%), and ae 
(9.2%). 

In oul there were 26,257 fetal PEE sie 
tests performed i in the 12,620 patients (mean, 2.1 per 
patient; range, one to 18 tests). Distribution of test by 
score is listed in Table IV. Most tests (25,606 tests, 
97.52%) were scored’ as normal (biophysical profile 
score =8). A total ‘of 452 tests (1.72%) demonstrated 
the absence of two variables (equivocal, biophysical pro- 
filescore = 6), and the remaining 199 tests (0.76%) had 
three or more variables absent (biophysical profile score 
<4). Most equivocal tests (82%) were normal on repeat 
testing within 24 hours. Conversion of an abnormal 
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Table II. Biophysical profile scoring: Technique and interpretation* 


l Normal (score = 2) | 


Btophysicat variable Sadao (score = 0) 





1. Fetal breathing movements =] episode of >30 sec in 30 min Absent or no episode of 230 sec 
m 30 min 
<2 episodes of body/limb 


movements in 30 min 


#3 discrete body/limb movements 
in 30 min (episodes of active 
continuous movement consid- 
ered as single movement) 
=] episode of active extension 
with return to flexion of fetal 
limb(s) or trunk. Opening 
and closing of hand considered 
normal tone 
#2 episodes of acceleration of 
.215 bpm and of 215 sec 
associated with fetal movement 
in 20 min , , 

=] pocket of fluid measuring > =] Either nò pockets or a pocket 
cm in two perpendicular <] cm in two perpendicular 
planes . planes 


2. Gross body movements 


Fither slow extension with 
return, to partial flexion or 
movement of limb in full 
extension or absent. fetal 
movement 

<2 episodes of acceleration of 
fetal heart rate or acceleration 
of <15 bpm in 20 min 


3. Fetal tone 


4. Reactive fetal heart rate 


- 5. Qualitative amniotic fluid _ 
-© ‘volume 


*See reference 5. 


Table III. Biophysical profile scoring: Management protocol 


-Score ` Interpretation ` 


Recommended management 


10 Normal infant, low risk for Repeat testing at weekly. intervals. Repeat twice weekly in 
chronic asphyxia . diabetic patients and patients > 242 wk : 
8 Normal infant, low risk for Repeat testing at weekly intervals: Repeat twice weekly i in 


chronic asphyxia diabetic patients and patients 242 wk. Indication 


for delivery = oligohydramnios 


6 Suspected chronic asphyxia Repeat testing within 24-hr. Indication for delivery = 
. oligohydramnios or remaining <6 | 
4 - Suspected chronic asphyxia 236 score and favorable cervix. If <36 wk and lecithin/ 
sphingomyelin ratio <2.0, repeat test in 24 hr. 
Indication for delivery = repeat score <6 or 
l oligohydramnios 
0-2 Stròng suspicion of chronic Extend testing time to 120 min. Indication for delivery = 
asphyxia . persistent score <4, regardless of gestational age 


score (biophysical profile score =4) to normal (bio- 
physical profile score =8) occurred i in only one instance 
(0.5%). 

Ninety-three perinatal dti occurred among the 
study population for a gross (unċorrected) perinatal 
death rate of 7.37 per 1000 live births. Forty-six of these 
deaths were stillbirths (49.5%) and 47 were neonatal 
deaths (50.5%). The gross stillbirth rate was 3.64 per 
1000 and the gross neonatal death rate was 3.72 per 
1000. Perinatal mortality as related to test score result 
is listed in Table IV; mortality ranged from as low as 
0.652 per 1000 tests with a normal score (biophysical 
profile score = 8) to as high as 187 per 1000 tests with 
a completely abnormal score (biophysical: profile 
score = 0). Total perinatal deaths classified by cause 
are listed in Table V. In total, 69 of 93 (74.2%) perinatal 
deaths were a direct result of either major lethal anom- 
alies (66.7%) or severe Rh disease (7.5%). Perinatal 
morbidity is considered in a separate report to follow. 

Perinatal deaths directly attributable to a major 


anomaly were classified according to the major systems 
affected (Table VI); anomalies affecting at least two 
major systerns were classified as multiple anomalies. In 
total, 62 of 93 perinatal deaths (66.7%) were due toa 
major anomaly, of which 19 were major central nervous 
system anomalies (30.6%), 11 were major renal anom- — 
alies (17.6%), nine were major. gastrointestinal anom- 
alies (13.2%), eight were major cardiac’ anomalies 
(13%), seven were major skeletal anomalies (11.2%), 
seven were multiple anomalies (11.2%), and one anom- — 
aly was due to a major cytogenetic ‘disorder a. 6%). 
Seven deaths were a direct result of Rh isoimmuniza- 
tion, four of which were due to trauma at the time of 
intrauterine transfusion and three occurred within 48° 
hours of intrauterine transfusion and were considered 
the result of advanced fetal disease (hydrops fetalis). 

_ The remaining 24 deaths, representing 25.8% of the 
total deaths, occurred among structurally normal fe- 
tuses and therefore all may be considered as potentially: 
preventable. Thus, the corrected perinatal mortality 
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Table IV. Test score distribution and associated corrected perinatal mortality 





- Corrected perinatal mortality* 


sO 2% - No. of Rate per 
_ Test score result No. of tests % of total tests coe deaths 1000 tests 
8-10 (normal) 25,606 97.52 16 0.652 
6 (equivocal) 452 1.72 0 0 
4 (abnormal) 136 0.52 3 22.0 
2 (abnormal) i 47 0.18 2 42.6 
0 (abnormal) 16 0.06 3 187 
Total | ~ 26,257 100 24 — 
«Excludes. deaths due to either major congenital anomaly or severe Rh isoimmunization. 
Table V. Perinatal deaths by cause and time of death (n = 93) 
Stillbirths Neonatal deaths Total all deaths 
No. of ` % of No. of % of No. of % of 
Category deaths = total deaths total deaths l total 
Major (lethal) anomaly 26 56.6 36 76.6 62 66.7 
Rh disease/Rh trauma 5 10.8 Z 4.3 es | 7.5 
Death in normal fetus 15 32.6 9 19.1 24 25,8 
47 100 93 © 100 


Total l 46 ae 100 


Table VI. Perinatal death due to major ariomaly: Classification by anomaly type (n = 62) 


Anomaly type 


Major central nervous system (total) 
Anencephaly/néural tube 
Holoprosencephaly 
Hydrocephalus 

Major renal (total) 

Renal agenesis 
Obstructive uropathy 

Major gastrointestinal (total) 
Diaphragmatic hernia 
Omphaloceéle/cardiac 
Other 

Major cardiac (total) 

Ebstein’s anomaly 
Ventricular septal defect 
Hypoplastic ventricles 
Other 

Major skeletal dystrophy 
Thanatophoric dwarfism 
Achondroplastic 
Unclassified . 

Major multiple anomalies (total) 

Major chromosomal anomalies (total) 

Total 


NO 


l Neonatal 
_ Stillbirths . deaths Total 


9 10 19 
7 8 

} 2 

I 

6 5 11 
5 l 

] 4 

l 8 9 
0 4 

l l 

0, 3 

0 8 8 
0 l 

0 3 

0 2 

0 2 

7 0 7 
2 0 

2 0 

3 0 

3 4 

1 0 l 
7 35 62 





rate in this study population was 1.90 per 1000. Fifteen 
of these 24 deaths (62.5%) occurred as stillbirths, for 
a corrected stillbirth rate of 1.18 per 1000. The rela- 
tionship of interval between testing and stillbirth and 
the last test result before stillbirth is listed in Table VII. 
Ten stillbirths occurred within 1 week of the last test 
(range, 2 to 7 days); of these, eight occurred following 
a normal last test result. Therefore, the false negative 


rate was 0.634 per 1000. In three of these false negative 
cases the deaths occurred in fetuses of diabetic patients; 
in two the cause of death was uriexplained and one 
death was the result of abruptio placentae. In threé 
false negative cases death occurred among fetuses of 


_ patients being evaluated for intrauterine growth retar- 


dation; the diagnosis was confirmed in two of these 
infants at delivery, but in the remaining case no evi- 
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Table VIL. Stillbirths in structurally normal fetuses without Rh isoimmunization as classified by 


test-to-death interval and last test result (n = 15) 


Interval — 
Patient (days) Last test result 


Interval of <7 days, last test normal (28) (n = 8) 


V. H. 3 8 (NST not done) 
VeL: 5 10 (NST reactive) 
J.R 5 8 (NST not done) 
A. T. 5: 8 (NST not done) 
V. D. 6 10 (NST reactive) 
J. M. 7 8 (NST reactive) 
C.S. 7 8 (NST not done) ` 
M. R. 7 8 (NST not done) 


Interval of >7 days, last test normal (28) (n = 3) 
E. C. 15 8 (NST not done) 
M. M. 21 8 (NST not done) 
S.C. 28 8 (NST not ~ 


Interval of =7 days, last test abnormal (=4) (n = 
L. C. 2 


4 (absent a and FM, (NST 


nonreactive) 
D. S. 5 
oligohydramnios) 


Interval of >7 days, last test abnormal (S4) (n = 2) 
C. S. 1] 0 


C. M. 11 


4 (absent FBM and FT, 


2 (fetal movement only) 


Clinical diagnosis 


Suspected IUGR, 34 wk 

Suspected IUGR, 32 wk 

Postdate, 42 wk 

Class B diabetes/massive abruptio placentae, 
38 wk 

Hypertension, 39 wk 

Suspected IUGR, 36 wk 

Class B diabetes, 35 wk 

Class A diabetes, 37 wk 


Suspected IUGR, 34 wk 
Suspected IUGR, 29 wk, abruptio placentae 
Multiple sclerosis, 29 wk 


Hypertensive at term, intrapartum death—not 
monitored in labor 
Delivery delayed, <27 wk 


IUGR, delivery delayed because of immaturity 
(26 wk) 

IUGR, delivery delayed because of immaturity 
(<29 wk) 





NST:: Nonstress test; IUGR: intrauterine growth retardation; FBM: fetal breathing movements; FM: fetal movements; 


FT: fetal tone. 


dence of intrauterine growth retardation was deter- 
mined at delivery. The remaining two deaths were as- 
sociated with maternal hypertension and postmaturity, 


respectively. Two stillbirths occurred within 1 week of | 


an abnormal last test result. In one case a score of 4 was 
recorded in a hypertensive patient at 38 weeks and 
medical induction of labor was suggested but was de- 
layed for 48 hours. The patient went into spontaneous 
labor and intrapartum fetal heart rate monitoring was 
not used; the fetus died during the intrapartum period. 
In the other case a biophysical profile score of 4 was 
recorded in a growth-retarded fetus at 27 weeks’ ges- 
tation and delivery delayed because of fetal immaturity; 
fetal death occurred 5 days later. Five stillbirths oc- 
curred at an interval >7 days after the last normal fetal 
biophysical profile score (range, 11 to 28 days). 

Two stillbirths occurred >7 days after a last abnormal 
test result. In both, severe intrauterine growth retar- 
dation was recognized, but delivery was delayed be- 
cause of the extreme fetal immaturity (28 and 26 weeks, 
respectively). It is of interest to note that in both of 
these cases fetal death did not occur until 11 days after 
the last abnormal score. 

Nine neonatal deaths occurred in structurally normal 
neonates (corrected neonatal death rate, 0.72 per 1000, 
Table VIII). In five of these deaths the last fetal bio- 
physical profile score before delivery was normal; four 
of these deaths were due to respiratory distress syn- 


drome in fetuses whose birth weight was <1500 gm 
(range, 830 to 1460 gm) and one death was due to in- 
trapartum chorioamnionitis and neonatal sepsis (birth 
weight, 4520 gm). The remaining four neonatal deaths 
occurred after a last fetal biophysical profile score that 
was abnormal. In two of these deaths the last score 
before delivery was 0. One was recognized as having 
severe intrauterine growth retardation at the first visit 
at 37 weeks; despite immediate delivery by emergency 


` low-segment cesarean section, the fetus was grossly as- 


phyxiated at birth and died. The other death occurred 
in a 27-week infant whose mother was severely hyper- 
tensive. One death occurred as a result of meconium 
aspiration in a term infant after a last test score of 4, 
and one death occurred in an infant with a last test 
score of 2 and was due to pulmonary immaturity (re- 
spiratory distress syndrome). 


Comment 


The natural relationship between a fetal biophysical 
profile score as used in this study and perinatal mor- 
tality has been reported previously; in the absence of 
intervention, perinatal mortality rose progressively as 
the fetal biophysical profile score fell.’ In this current 
series of 12,620 referred high-risk pregnancies in 
which antepartum fetal assessment and obstetric man- 
agement decisions were based on fetal biophysical pro- 
file scoring, we observed 93 perinatal deaths, for a mor- 
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Table VIII. Neonatal deaths among structurally normal infants (n = 9) 
















Last test score 


Last test score normal 


l I. M. 10 (reactive NST) | ] day 
2 M. B. 8 (NST not done) 7 days 
3 SJ. 10 (reactive NST) 7 days 
4 S. Y. 8 (NST not done) 10 days 
5 M. J. 5 (NST not done) 10 days 
Last test score abnormal 

6 C. S. G l <l hr 

7 E. K. û 2 days 
8 Ge La 4 (absent FM, FBM, non- 3 days 

reactive NST) 
9 M. L. 2 (absent FM, tone, = 6days 


nonreactive NST, absent 
FBM) 


tality rate of 7.37 per 1000. This death rate is similar 
to that reported with the method in smaller study pop- 
ulations from this and other centers.'* As the causes 
and mechanisms of perinatal death are of diverse or- 
igin, it is likely that multiple factors may be operant in 
explaining the remarkably low mortality rate observed. 
Since matched nontested control subjects were not 
available, the extent of change in observed from ex- 
pected mortality may be estimated by indirect methods 
only. During the study interval within the catchment 
area population there were 65,979 deliveries, the ma- 
jority of which (80%) were classified as low risk by ma- 
ternal risk screening methods.*? Within this entire pop- 
ulation there were 943 perinatal deaths, for a perinatal 
mortality rate of 14:3 per 1000.” The perinatal mor- 
tality rate in the study population (7.37 per 1000), all 
of whom had high-risk pregnancies (Table I), was re- 
duced to nearly one half (48.5%) that rate observed in 
this general population. The gestational age at which 
antepartum testing is begun may influence mortality 
Statistics since the death rate due to immaturity will 
decline as the gestational age at first test advances. In 
this study population the mean gestational age at which 
testing was begun, 34.3 weeks, almost certainly is a ma- 
jor factor in the low neonatal death rate observed in 
the absence of major anomaly (0.72 per 1000). Analysis 
of the frequency and cause of stillbirth may be a better 
method of judging the efficacy of the fetal biophysical 
profile scoring since maturity factors are less significant. 
In the study population 46 stillbirths were reported 
(stillbirth rate, 3.64 per 1000), of which 15 stillbirths 
(32.6%) occurred in structurally normal, nonisoim- 


Interval from 
test to delivery 






Cause of death 


3860 Choriamnionitis, sepsis 
1100 Respiratory distress syndrome, hyaline 
membrane disease 
1460 _ Respiratory distress syndrome, hyaline 
membrane disease 
1100 Respiratory distress syndrome, hyaline 
membrane disease 
860 Respiratory distress syndrome, hyaline 


membrane disease 


1860 Severe asphyxia, intrauterine growth 
retardation 
770. Asphyxia, respiratory distress syn- 
: drome, hyaline membrane disease 
4520 Meconium aspiration 


760 Respiratory distress syndrome, hyaline 
membrane disease 


munized fetuses (corrected stillbirth rate, 1.18 per 
1000). In contrast within the entire population during 
the study interval there were 477 reported stillbirths 
(stillbirth rate, 7.22 per 1000), of which 419 (88%) oc- 
curred in structurally normal fetuses (corrected still- 
birth rate, 6.35 per 1000).° These comparisons, al- 
though of a general nature, suggest that within the 
study population a true decrease of undetermined 
magnitude has occurred in the perinatal death rate, the 
stillbirth rate, and.the corrected stillbirth rate. Further, 


-= such comparisons suggest that in the study population 


the decreased stillbirth frequency is associated with a 
change in etiology such that the relative number of 
deaths due to anomaly may be increased substantially, 
that is, to 56.6% in the study population as compared 
to 12% in the population at large. These data suggest 
that the low stillbirth rate observed in the study pop- 
ulation is largely due to a decrease in deaths among 
struciurally normal fetuses. 

Antepartum recognition of fetal asphyxia by the use 
of fetal biophysical profile scoring contains inherent 
inaccuracies. In this study we recorded eight intra- 


- uterine deaths in structurally normal fetuses within 1 


week of a last normal test result (corrected false neg- 
ative rate, 0.634 per 1000). This observed false nega- 
tive rate with fetal biophysical profile scoring is similar 
to that reported for contraction stress testing (0.4 
per 1000) and lower than that reported with the non- 
stress test (3.2 per 1000).’° Neither of these latter 
methods of fetal assessment based on antepartum fe- 
tal heart rate monitoring reliably detect major anoma- 
lies whereas anomaly detection is an inherent part of 
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the ultrasound-based fetal biophysical profile scoring 
method.*"! 

The positive predictive accuracy of an abnormal test 
(biophysical profile score =4) in predicting perinatal 
mortality and the natural-interval between abnormal 
score and death cannot be determined in this study 
since by protocol an abnormal score (biophysical profile 
, score =4) in a structurally normal fetus was an indi- 
cation for delivery. However, in four cases of stillbirth, 
delay occurred between the observation of an abnormal 
score and intervention (Table VIII). In one case (L. C.) 
the referring physician elected to delay delivery; the 
patient returned in spontaneous labor 2 days after a 
score of 4 and a nonmonitored intrapartum death en- 
sued. In the other three cases delivery after an abnor- 
mal score was delayed because of prematurity (<29 
weeks). Fetal death occurred as early as 5 days and as 


late as 11 days after the abnormal score. We were sur-. 


prised to note an interval of 11 days between a score 
of 0 and fetal death in one patient with extreme pre- 
maturity (C. S., Table VIII). In contrast, in one neonatal 
death (C. S., Table VIII), recognition of a score of 0 
prompted delivery within the hour, but despite ag- 
gressive resuscitation, the newborn infant remained se- 
verely asphyxiated and died within 24 hours of birth. 

The distribution of test score results in this study 
indicated that the vast majority of tests were normal 


(97.5%) and that equivocal or abnormal test results . 


were unusual (1.72% and 0.76%, respectively, Table 
IV). This distribution differs sharply from test result 
distributions reported for contraction stress testing 
(84.6% normal)'* * and nonstress testing (89% nor- 
mal)."* This altered test result distribution with fetal 
biophysical profile scoring may indicate an improved 
ability to differentiate the normal fetus from the com- 
promised one. Since the false negative rate with fetal 
biophysical profile scoring is as low as that reported for 
the contraction stress test and lower than that reported 
for the nonstress test, these distribution data suggest 
that the method may be a better alternative to either 
antepartum fetal heart rate monitoring method. 

The concept of fetal biophysical profile scoring in- 
volves evaluation of immediate biophysical activities (fe- 
tal movement, tone, breathing movements, and heart 
rate activity) together with semiquantitative determi- 
nation of amniotic Huid. The first four of these variables 


reflect acute central nervous system function and, when . 


they are present, it is reasonable to deduce that central 
nervous system depression (for instance, asphyxia) is 
not present." In our expanded experience we note 
that the same accuracy of prediction of normal is main- 
tained when only three of these acuté variables (fetal 
movement, tone, and breathing) are considered.* * The 
absence of a given variable (for instance, fetal breathing 
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movements) is more difficult to interpret since central 
nervous system—regulated periodicity for these vari- 
ables is recognized.’ Extension of the observation to at 
least 30 minutes is required before an acute variable 
may be considered absent on a pathologic basis. The 
absence of three or more short-term variables in a 30- 
minute period strongly suggests fetal compromise. In 
this study of 26,257 tests, we observed only one instance 
of an abnormal score (biophysical profile score <4) re- 
verting to normal (biophysical profile score 28). In this 
case the fetus sustained major head trauma associated 
with a maternal pelvic fracture and had an initial score 
of 2 (normal amniotic fluid). Over the course of 3 weeks 
the score became normal; the child was not asphyxiated 
at delivery and survived. In contrast to the other profile 
variables, semiquantitative amniotic fluid volume may 
be considered as a marker of chronic fetal compromise. 
In the presence of intact membranes we have shown 
that oligohydramnios develops as a gradual process 
over a period of days, and when oligohydramnios is 
present the risk of perinatal asphyxia and mortality 
rises sharply.” The mechanism by which fetal asphyxia 
results in oligohydramnios is not fully elucidated but 


- may involve hypoxia-induced reflex redistribution of 


cardiac output with preferential shunting of blood away 
from the lung and kidney, the two major sources of 


fluid production in later pregnancy.” ?? 


We postulate that the low perinatal mortality re- 


corded in this study results from the integration of 


observed short- and long-term indices of fetal condition 
with other obstetric and maternal data in formulating 
a management plan and timing of delivery. This ap- 
proach coupled with detailed screening for detectable 
congenital anomalies now permits more accurate as- 
sessment of fetal risk and therefore more rational plan- 
ning of pregnancy management. We stress that it is not 
possible to base management on the score alone and 
that score components together with the clinical cir- 
cumstances must be considered. Thus, for example, we 
have recommended delivery in the postdate patient 
with oligohydramnios even when the other variables of 
the profile were normal. 

In summary, these data suggest that fetal risk as- 
sessment based on fetal biophysical profile scoring is 
an accurate method for identification of the fetus at 
risk for lethal asphyxia in utero. This improved accu- 
racy combined with ease of clinical application and 
antepartum detection of major anomalies makes this 
method an attractive alternative of antepartum fetal 
surveillance. Fetal biophysical profile scoring rests on 
the principle that the more complete the examination 
of the fetus, its activities, and its environment, the more 
accurate may be the differentiation of fetal health from 
disease states. It seems likely that further expansion of 
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the principle with inclusion of more fetal variables will 
improve the accuracy even further. 


10. 
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Evaluation of a new tampon device for cytologic autocollection 
and mass screening of cervical cancer and its precursors 


Arnold Bernstein, M.D., Saul Vitner, M.D., and Joe M. Webber, M.D. 


Atlanta, Georgia 


A new autocollection tampon device for obtaining material for cervical cytologic testing was compared with 
cervical scraping and endocervical aspiration in order to evaluate the cytodiagnostic results. In 1428 
cases there proved to be a 94% correlation between these methods. In addition, both smears were 
compared in a group of patients known to have neoplastic disease of the cervix. In evaluating cervical 
cancer both techniques detected 100% of the cases. However, the smears, both regular and tampon, . 
were able to diagnose only 96.5% and 89% of grade 3 lesions and 86% and 81% of grades 1 and 2 
lesions, respectively. False negative results occurred in 8.2% of the regular smears and 15% of the 
tampon smear group. These preliminary data, if confirmed by more broad and in-depth studies, suggest . 
the new autocollection tampon may be a useful tool for mass cervical screening. (Am J Osstet GYNECOL 


1985;151:351-5.) 


Key words: Cytolcgic autocollection device, cervical cancer, cervical biopsy, Papanicolaou 


smear 


Since 1943, when Papanicolaou and Traut! first in- 
troduced cytologic testing for the mass screening of 
cervical carcinoma, there has been a steady decrease in 
the mortality from this disease. Death rates over this 
time have dropped from approximately 20 to 7 per 
100,000.2 Indeed, it has been shown that the death rate 
from cervical cancer is inversely proportional to the 
extent of cytologic screening in a given population’ and 
that if all women were screened regularly the mortality 
from this disease would be. virtually eliminated. How- 
ever, in the female population at highest risk the annual 
rate of cytologic screening varies from 5% to 25%, and 
it is estimated that at least 10% of women in the United 
States have never been screened.* It is uncertain 
whether this is because of the inaccessibility of medical 


care, reluctance on the part of the patient to be ex- 


amined, or economic factors. One solution to this prob- 
lem would be a simple, self-administered, iriexpensive 
test which could be performed, at regular intervals, by 
the patient at home and then mailed to a central lab- 
oratory for evaluation. In an attempt to solve the need 
for a mass cytologic sampling tool two methods have 
been evaluated with some success: vaginal irrigation 
and vaginal tampon devices. 

In 1962, Davis* devised a self-irrigating method for 
mass screening of the cervix. His results approached 
those obtained by the standard Papanicolaou smear in 
detecting cervical abnormalities. Since that time other 
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authors have reported on the use of the irrigation tech- 
nique, some with similar** and others with diver- 
gent” ° results. The use of the vaginal tampon as a 
collection technique was first reported by Papani- 
colaou"’ in 1954. Other investigators, refining this tech- 


. nique, also showed promising results.'’*’* The present 


study was undertaken to evaluate a new tampon device 
and its ability to act as a mass screening tool for the 
detection of cytologic abnormality in patients with cer- 
vical cancer and its precursors. 


Material and methods 


The data presented in this study are derived from 
three sources: (1) a new autoadministered tampon-ob- 
tained cytologic smear, (2) routine physician-obtained 
cervical scrapings, with endocervical aspiration (herein 
referred to as direct Papanicolaou smear), and (3) col- 
poscopically directed cervical biopsies. In order to en- 
sure objectivity of the results, both the tampon and 
direct Papanicolaou smear cytologic results were han- 
dled in a blinded manner with a coded number assigned 
to each separate specimen. Between April, 1982, and 
September, 1983, 1428 patients were admitted to this 
study. The patients came from three distinct popula- 
tions. The first was a young heterogeneous social and 
racial group, 80% of whom were in their first trimester 
of pregnancy, who were seen at the Midtown Hospital 
in Atlanta, Georgia (group 1). The second was com- 
posed of patients being seen in a private gynecologist’s 
office, the majority of whom were Caucasian and mid- 
dle to upper class (group 2). The final group (group 
3) was obtained from the Atlanta Gynecologic Oncology 
Center at the Georgia Baptist Medical Center, Atlanta, 
Georgia. The patients in group 3, both private and 
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Fig. 1. The new autocollection tampon for cervical cytologic testing. 


Table I. Distribution of patients in the study 





1 1040 73 


2 243 17 
3 145 10 
Total . 1428 100 


Table II. Tissue diagnosis iri 145 cases with 
abnormal Papanicolaou smears (group 3) 





H istologic classification 


Cervical intraepithelial néoplasia ; 
None 71 


Grades | and 2 l 2m BT 
. Grade 3 28 
Cervical cancer. 8 
Endometrial cancer ` l 





service, had all been referred for colposcopic evaluation 
after having had previous abnormal Papanicolaou 
smears (Table I). The average age of the entire pop- 
ulation studied was 27 with a range of 14 to 63 years. 


Approximately 56% were Caucasian and 21% were in- - 


digent. w 

Thé new autocollecting instrument was developed by 
Health Services Associates* (Fig. 1). Although this tam- 
pon, device is similar to one designed by Kato there are 


distinct differences.“ These differences mainly involve 


the configuration and composition of the sponge héad. 
The new sponge is slightly larger and square in shape, 
thus increasing the surface area and scraping ability of 
the device. After several unsuccessful attempts at find- 
ing the right composition of the sponge head, a micro- 
porous polyurethane compound was selected. This new 
head, because of its microporous configuration, does 
not allow the cells to be drawn along with the fixative, 
into the center of the sponge. This, it was felt, would 
increase the number of scraped and exfoliated cells 
remaining on the surface of the sponge and thereby 
make them available for preparation and later evalu- 
ation. 


*Patent pending. Not yet available commercially. 


After informed consent was obtained, each patient 
was given the tampon device along with written instruc- 
tions. All consenting patients, who were not menstruat- 
ing at the time of thie examination, were accepted into 
the study. Bleeding from any other cause was not con- 


-sidered a reason for exclusion. The patients were en- 


couraged to follow the supplied instructions, but no 
other assistance was given in obtaining the tampon cy- 
tologic specimen. The instructions directed each pa-. 
tient to insert the applicator and tampon into the vagina 
as far as it would comfortably go. The patient was then 
asked to move the applicator from side to side and top 
to bottom and finally rotate it one complete turn before 
removing the device. Only a small number of patients 
(0.5%) had trouble following the instructions and 
needed only to be told to read them again in order to 
satisfactorily complete the procedure. The patient was 
then instructed to separate the tampon sponge head 
from the applicator and_ place it tip down in a small 
vial containing 3 ml of 70% ethanol which was included 
in the tampon kit. Bleeding after the usé of the tampon 
was infrequent (1.9%) and minimal. Only one patient, 
later found to have extensive exophvtic carcinoma of 
the cervix, bled moderately, needing direct pressure to 
stop the bleeding. A physician-performed direct Pa- 
panicolaou smear was then obtained from all patients 
in the study. The tampon’s sponge head and the di- 
rect Papanicolaou smear were sent to J. M. Webber, 
M.D.?.C. Laboratory, Columbus, Georgia, for prepa- 


ration and evaluation. All of the direct Papanicolaou 


smears.were processed by standard Papanicolaou meth- 
odology with the use of. Harris hematoxylin nuclear 
stain and OG-6 and EA 36 cytoplasmic stain.’ 
Originally it was found that the cells from the tampon 
sponges washed off the slides during preparation. This 
loss of adhesiveness of the cells and failure to remain 
on the slides was resolved by using slides prepared by 
application of 20% albumin in glycerin. These slides 
were air dried prior to the preparation of the smear. 
The sponge head was carefully removed from the vial, 
taking care not to depress or squeeze the sponge, thus 
avoiding the loss of fixative containing cells in suspen- 
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Fig. 2. Comparison of cases detected by tampon and direct Papanicolaou smears. 


Table III. Diagnoses of eight cases of cervical cancer by direct and tampon smears 


Direct smear 





Tampon smear 


False False 
Cytologic negative rate negative rate 
diagnosis No. % (%) No. % (%) 
Positive 7 0 7 0 
Suspicious l J 
Atypical 0 l 
Total 8 100 8 100 
Negative Q 0 
Unsatisfactory 0 0 


sion. The sponge was then drawn lightly across the 
prepared slide, Pressure was limited to only that needed 
to produce a visible film of fixative on the slide surface. 
The slides were allowed to air dry and were then stained 
by the same method as that used for the direct smears. 
It should be noted that special precautions were nec- 
essary in order to prevent loss of cells by vigorous ma- 
nipulation of the slides while making the required dips 
in the sequence of staining vessels. 

Very gentle oscillations of <1.0 cm in amplitude 
achieved satisfactory staining without loss of cells. Once 
the technique had been perfected, preparation and 
staining of the tampon-obtained smears did not take a 
significantly longer time than the direct Papanicolaou 
smears. Of the 1428 patients in whom a direct and a 
tampon smear were obtained, overall preservation of 
the specimens in shipping were excellent. Twelve direct 
smears arrived with the slides shattered to the extent 
that reconstruction of the specimen was impossible. No 
sponge was damaged in mailing, no vials were broken, 
and all lids were intact and tight. There were no in- 
stances of fixative evaporation and smears were made 
from every specimen. However, six sponges did not 


contain adequate cells for interpretation. This repre- 
sents only a 0.4% rate for unsatisfactory tampon 
smears. All specimens, both direct and tampon-ob- 
tained, were evaluated by a pathologist and cytologic 
technician. Satisfactory smears with both the direct and 
tampon methods were obtained in more than 98% of 
the participating patients. 

All patients in group 3, after the tampon smear and 
direct Papanicolaou smear were obtained, underwent 
colposcopic or other indicated evaluation by the gy- 
necologic oncologist. 


Results 


During the time this study was performed, 1428 pa- 
tients used the tampon autocollecting device and then 
underwent cervical scraping and endocervical aspira- 
tion. Surprisingly only 0.4% of the tampon group and 
0.8% of the direct smear group had unsatisfactory 
smears. Fig. 2 shows the results of the comparison be- 
tween the tampon and direct smears. There was com- 
plete agreement between the smears in 1348 cases 
(94%). In 1208 cases results of both smears were re- 
ported as negative while atypical findings were re- 
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Table IV. Diagnoses of 28 cases of grade 3 cervical intraepithelial neoplasia by direct and tampon smears 


Direct smear 





False negative 
rate (%) 


Cytologic False negative 
diagnosis rate (%) 
Positive 0 
Suspicious 26 93 25 89 
Atypical l 3.5 0 
Total 27 96.5 25 89 
Negative l 3.9 3.5 3 11 1] 
Unsatisfactory 0 0 0 0 


Table V. Diagnoses of 37 cases of grades 1 and 2 cervical intraepithelial neoplasia direct and tampon smears 





Direct smears 


Cytologic 

diagnosis 
Positive 
Suspicious 30 8] 
Atypical 2 2 5 
Total 32 86 
Negative 5 14 
Unsatisfactory 0 


ported in 95 cases. Suspicious results were obtained in 
38 cases and seven cases were positive for cervical or 
endometrial malignancy. It is of interest that all nine 
known cancers in this study were detected by the tam- 
pon and direct Papanicolaou smear as either positive 
or suspicious findings. Table II shows the results of the 
tissue diagnosis in the 145 cases evaluated for abnormal 
Papanicolaou smears. This represents the high-risk 
referred group 3. In this group, 51% had tissue-di- 
agnosed pathologic conditions. Tables III, IV, and V 
compare the accuracy of the tampon and direct Papa- 
nicolaou smears in diagnosing invasive cervical can- 
cer, grade 3 cervical intraepithelial neoplasia, and 
grades 1 and 2 cervical intraepithelial neoplasia. In 
evaluating the eight cases of cervical cancer, both smear 
techniques detected 100% of the invasive cancers. How- 
ever, direct and tampon smears were able to diagnose 
only 96.5% and 89% of the grade 3 lesions and 86% 
and 81% of the grades 1 and 2 lesions, respectively. 
Atypical smears were included with the positive and 
suspicious smears in determining the total detection 
rate because they represent a possible abnormal finding 
that needs to be evaluated further. 


Comment 


It has been widely accepted that screening of the 
female population is the key to the virtual elimination 
of mortality from cervical carcinoma. However, even 
after 40 years of Papanicolaou smear use and the wide- 
spread publicity extolling its benefits as a screening tool, 
a large portion of women in the United States remains 














False 
negalwve rage 


28 78 
l 3 

29 8I 
7 19 19 
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unscreened or irregularly screened. A new tampon de- 
vice for cytologic autocollection was tested as a mass 
screening technique with the potential to reach the pop- 
ulation not currently being evaluated. By no means is 
this test meant to replace the standard Papanicolaou 
smear or a complete gynecologic examination. In fact, 
one of the greatest potentials for this new device is the 
ability to eventually bring patients who would not nor- 
mally seek medical attention into the medical main- 
stream. However, if this technique is to become widely 
used, it must be easy to administer, be aesthetically ac- 
ceptable to the patients, produce a good laboratory 
specimen which can be easily evaluated without addi- 
tional specialized training, have an accuracy approach- 
ing that of the Papanicolaou smear, and have a low 
false negative rate. 

In cur population of >1400 patients, virtually 100% 
of the test population were able to administer the device 
by themselves by following simple written instructions. 
The patients had no trouble using the device and found 
it aesthetically acceptable, causing no pain or discom- 
fort. In addition, the patients found no difficulty in 
preparing and mailing the tampon specimens to the 
receiving laboratory. 

The processing of these smears was virtually identical 
to that currently being used for preparation of routine 
Papanicolaou smears. Moreover, no additional training 
was needed by the laboratory personnel, in either prep- 
aration or evaluation of these slides. This is a distinct 
advantage over the irrigation techniques previously 
proposed for mass screening.* ”° In comparing the 
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quality of smears from the direct and tampon methods, 
an interesting finding was noted. Occasionally the di- 
rect smears were covered by thick inflammatory exu- 
dates, making them difficult to interpret. However, the 
tampon smear from the same patient, probably because 
of a loss of adhesiveness between the cells caused by 
the fixative, showed an even monolayer of both epi- 
thelial and exudative cells, thus permitting easy eval- 
uation despite the heavy inflammatory cell content. In 
addition, the divers:ty of cells (superficial, intermediate, 
and basal) was readily comparable to that of the direct 
smear and permitted assessment of any variation of cell 
type. 

There was a favorable correlation between the tam- 
pon and direct smears. In the detection of invasive 
cervical cancer both methods satisfactorily detected 
100% of the cases. However, in cases of grade 3 and 
of grades 1 and 2 cervical intraepithelial neoplasia the 
accuracy rates for the direct Papanicolaou smear were 


96% and 86% compared with 89% and 81% for the | 


tampon method. During this study one case of endo- 
metrial cancer was found. Both the direct and tampon 
methods were able to detect this cancer. Scott et al.’ 
using the Draghi tampon device found a higher detec- 
tion rate for endometrial cancer with the tampon 
method. They ascribed this to the fact that the tampon 
method had a greater efficacy in picking up cells from 
the posterior vaginal fornix, the place where the shed- 
ding endometrial tumor cells would most likely be 
found. However, because of the single endometrial can- 
cer in this study, no comment as to the ability of the 
new tampon to diagnose this disease can be made. 
False negative results occurred in six cases (8.2%) of 
the direct smear and 11 cases (15%) of the tampon 
smear. The sources of error in these cases were cyto- 
logic sampling in four of six direct smears and eight of 
1] tampon smears with error in interpretation making 
up the remainder of the cases. These results are within 
the accepted range for Papanicolaou smears in which 
the false negative rate can range between 6% and 28%.’ 
The accuracy of any screening technique becomes 
similar, approaching 100%, when repeated at regular 
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intervals. Achieving this goal necessitates a simple, 
widely accepted, easily evaluated, reliable mass screen- 
ing tool, which this new autocollection tampon method 
represents. 
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Combined morphologic and cytochemical grading of 


serous Ovarian tumors 
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B. Moberger, M.D., C. Silfverswärd, M.D., G. Wicksell, M.T., and A. Zetterberg, M.D. 


Stockholm, Sweden 


The potentiality of DNA analysis to complement morphologic evaluation in classifying serous ovarian tumors 
as adenoma, borderline malignancy, or invasive adenocarcinoma was investigated in a series of 54 
tumors. The DNA analyses were performed on histologic tumor sections. The primary diagnoses were 
borderline tumor in 24 cases and invasive adenocarcinoma in 30 (World Health Organization classification). 
When the specimens were reviewed, 17 of the 54 tumors were reclassified, after which the series 
consisted of 9 adenomas, 24 borderline tumors, and 21 invasive adenocarcinomas. Rising histologic 
malignancy grade was associated with increasing numbers of cells showing high DNA content. The DNA 
levels in the adenomas thus were within the diploid range of a normal cell population. They were somewhat 
higher in the borderline tumors and were highest in the invasive adenocarcinomas. Though no clear-cut 
intergroup demarcation was discernible, there was a subgroup of adenocarcinomas with greatly elevated 
‘DNA levels, indicating high biologic malignancy. The observations suggest2d that DNA analyses can 
complement histologic malignancy grading and can be useful for the recognition of highly malignant tumors 
amoung invasive adenocarcinomas. (AM J OBSTET GYNECOL 1985;151:356-61.) 


Key words: Serous ovarian tumors, morphology, DNA 


Despite modern methods of treatment for ovarian 
cancer, the mortality from this disease remains high. 
The prognosis may differ widely from case to case and 
mainly depends on the histologic tumor pattern. Thus 
tumors fulfilling the World Health Organization cri- 
teria for borderline malignancy’ carry an appreciably 
better prognosis than do invasive adenocarcinomas.” 
Some studies have demonstrated 91% to 93% survival 
in the borderline cases, but only 34% in invasive ad- 
enocarcinoma.” * The histologic diagnosis therefore is 
important for judging the malignancy potential. 

According to recommendations from the Interna- 
tional Federation of Gynecology and Obstetrics® and 
the World Health Organization,' the histologic appear- 
ance of the primary ovarian tumor should provide the 
basis for classification and malignancy grading. Though 
the importance of universally similar, or preferably 
identical, criteria for histologic tumor diagnosis is clear, 
earlier studies of various tumor types** have shown that 
different pathologists may disagree in their interpre- 
tation of the same sections. A more objective method 
for correct malignancy grading of tumors is therefore 
highly desirable. 
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As early as 1966, Taylor? demonstrated that the levels 
of DNA in adenocarcinoma of the ovary were related 
.o the histologic grade of malignancy. Increasing aneu- 
ploidy (nondiploidy) thus was seen to accompany in- 
creasing degree of malignancy. A recent study has con- 
firmed these findings." 

In the present study, DNA levels in serous ovarian 
tumors were compared with histologic assessment of 
the same tumors. The aim was to evaluate the useful- 
ness of DNA analysis as an objective and accordingly 
reproducible technique in assisting World Health Or- 
ganization grouping as adenoma, borderline malig- 
nancy, or invasive carcinoma. The DNA analyses were 
made on sectioned tumor specimens, which permitted 
direct comparison between the histologic evaluation 
and the DNA measurements in the tumor cells. 


Material and methods 


Patients. The patients had been referred to the Ra- 
diumhemmet for postoperative treatment of serous 
malignant or borderline ovarian tumors during the pe- 
riod 1975 to 1980. The International Federation of 
Gynecology and Obstetrics clinical stage of the tumors 
was IA-C or IIA.* The primary surgical treatment was 
performed at various hospitals in the Stockholm region, 
where the tumors had been histologically classified and 
graded. | 

The histologic specimens were reviewed at the Ka- 
rolinska Hospital by an experienced pathologist (C. S.), 
who was unaware of the earlier diagnosis and of the 
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patients’ clinical fate. This review excluded from the 
series tumors which did not fulfill the World Health 
Organization criteria for serous ovarian tumor. The 54 
remaining tumors were thereafter grouped according 
to World Health Organization' and International Fed- 
eration of Gynecology and Obstetrics® classification as 
serous adenoma (IA), serous borderline tumor (IB) or 
invasive adenocarcinoma (IC). The adenocarcinomas 
were then graded by malignancy, with guidance from 
the degree of cellular pleomorphism, nuclear atypia, 
mitosis frequency, and solid growth, as highly, mod- 
erately, or poorly differentiated tumors" (Table I). 

During the follow-up period (mean, 5 years; range, 
2.5 to 8 years), eight patients died because of the ovar- 
ian tumor. All deaths occurred within 2.5 years of the 
primary diagnosis. 

Histological material. Paraffin-embedded tissue re- 
sected at the primary operation was used in the anal- 
yses. A tumor-representative block was selected in each 
case. Two consecutive sections of 4 um thickness were 
cut from each block. After deparaffining, one section 
was Stained with hematoxylin-eosin solution. The other 
was stained according to the Feulgen technique (acid 
hydrolysis with 5N hydrochloric acid, 22° C, 60 min- 
utes) after refixation in 10% neutral buffered for- 
malin.” 

With guidance from the hematoxylin-eosin—stained 
sections, represer.tative areas in the Feulgen prepara- 
tions were selected for photography. Usually 10 fields 
were photographed in each case. The fields were 
chosen from different areas where the tumor tissue was 
well preserved histologically and where the architecture 
of the tumor tissue allowed DNA analysis. The general 
goal was to select representative fields throughout 
the entire tissue section. The selection was done by 
an experienced fathologist (K. E.), without foreknowl- 
edge of the previous diagnosis in the case or of the clin- 
ical course. A Leitz photomicroscope was used, with 
40x/1.0 oil objective (refractory index, 1.518) in 
monochromatic light and wavelength of 546 nm. The 
sensitivity of the film (Kodak Technical Pan 2415) was 
29 DIN and the developing time was 4 minutes at 
22° C (Kodak D,,). 

DNA measurements. On the developed films the 
DNA content of individual cells was measured. The 
photographic cytophotometric method used was a 
modification of that described by Adams” in 1968. The 
method is based on light transmission from the Feul- 
gen-stained nuclei, the blackness of which is taken as a 
measure of the DNA content. Comparative studies be- 
tween this method and conventional rapid-scanning 
microspectrophotometry'* showed close conformity. 

In each histologic slide 100 tumor cells were analyzed 
for DNA content. Within the photographed tumor 
areas individual tumor cells were selected by means of 
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Table I. Grading of ovarian tumors in study 


' Histologic classification 











l 74 IB IA 25 

9 74 IB IA 44 

3 72 IB IA 22 

4 69 IB IA 32 

5 69 IB IA 42 

6 63 IB IA 20 

7 56 IB IA 25 

8 58 IB IA 36 

9 5] IC IA 43 
10 75 IB IB 65 
ll 73 IB IB 49 
12 60 IB IB 50 
13 69 iC IB 75 
14 69 IB IB 67 
15 62 IB IB 66 
16 60 IB IB 47 
17 59 IB IB 56 
18 52 IC IB 56 
19 5] IB IB 55 
20 53 IB IB 17 
2] 53 IC IB 37 
22 50 IB IB 47 
23 5] IC IB 72 
24 49 IB IB 39 
25 46 IB IB 48 
26 46 IC IB 2] 
27 43 IB IB 60 
28 42 IB IB 29 
29 40 IB IB 59 
30 38 IC IB 44 
3] 34 IC IB 62 
32 37 IB IB 29 
33 32 IC IB 37 
34 4] IC IC (b) 56 
35 40 IC IC (h) 26 
36 40 IC IC (b) 53 
37 40 IC IC (h) 57 
38 74 IC IC (m) 28 
39 54 IC IC (m) 81 
40 62 IC IC (m) 63 
4] 58 IC IC (m) 94 
42 75 IC IC (m) 99 
43 63 IC IC (m) 90 
44 55 IC IC () 93 
45 55 IC IC () 1 
46 60 IC IC (1) 98 
47 70 IC IC (1) 69 
48 67 IC IC (1) 96 
49 55 IC IC (1) 96 
50 64 IC IC (D 99 
5] 60 IC IC (1) 99 
52 55 IC IC (1) 82 
53 54 IC IC (1) 97 
54 50 IC IC () 95 


*Differentiauon represented by h, high; m, moderate; |, 
low. 


morphologic criteria. All tumor cells that could be ana- 
lyzed (e.g., no overlapping of the Feulgen-stained nu- 
clei), were measured at random. To define the normal] 
diploid (2c) value, approximately 50 control cells—fi- 
broblasts and/or endothelial cells—were similarly ana- 
lyzed in normal tissue adjoining the tumor. To permit 
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Fig. 1. Example of DNA distribution patterns of normal fi- 
broblasts and endothelial cells (control cells) and of tumor cells 
before recalculation according to the median value of the con- 
trol cells (intermediate histogram) and after recalculation (lower 
histogram). 


comparisons between the DNA levels in different tu- 
mors, DNA content was expressed in c units, 2c being 
defined from the median value (P50) found in the con- 
trol cells. An upper limit of 2.5c was set for diploid cell 


populations, so as to distinguish them from nondiploid | 


types. This limit was. empirical, based on the observa- 
tion that'it is not exceeded by most (>90%) of the 
control cells. The percentage of tumor cells with DNA 
>2.5c was taken as a measure of nondiploidy. Fig. 1 
illustrates an example of how the DNA values from a 
tumor were recalculated according to the internal stan- 
dard. The upper histogram shows the distribution pat- 
tern of the control cells, the intermediate that of the 
uncorrected tumor cell population, and the lower that 
of the profile after correction. 


Results 


The 54 cases remaining in the series after histologic 
review of the original specimens are surveyed in Table 
I. Initially 24 of the tumors were classified as of bor- 
derline malignancy (IB) and 30 as invasive adenocar- 
cinoma (IC). The revised classification was adenoma 
(IA) in 9 cases, borderline tumor (IB) in 24 and invasive 
adenocarcinma (IC) in 21 cases. Of the nine adenomas, 
eight had previously been classified as borderline tu- 
mors and one as adenocarcinoma. Eight tumors initially 
judged to be adenocarcinomas were reclassified as bor- 
derline malignancies. 
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The DNA patterns are exemplified in Fig. 2. The 
tumors which at review of the histologic specimens were 
classified as adenoma (IA) showed DNA values around 
diploid level. In the borderline tumors (IB) the values. 
were slightly higher but still within the DNA limits in 
normal proliferating cells. Among the invasive carci- 
nomas (IC) there were some with DNA patterns resem- 
bling those of borderline tumors, while others were 
composed of cells with very high and scattered DNA 
contents which significantly exceeded the values in nor- 
mal proliferating cells. At the histologic review, most 
of the invasive adenocarcinomas with DNA pattern re- 
sembling borderline malignancy were graded as highly 
differentiated, whereas the invasive carcinomas with 
DNA content indicating severe aneuploidy were graded 
as poorly or moderately differentiated. 

For each of the 54 tumors in the series, the propor- 
tion of cells with DNA content exeeding 2.5c was cal- 
culated as a measure of nondiploidy (Table I). The 
association between the primary diagnosis and nondip- 
loidy is illustrated in Fig. 3 and that between the review 
diagnosis and nondiploidy in Fig. 4. The distribution 
of malignancy grades—high, moderate, or poor dif- 


- ferentiation—within group IC is also shown in Fig. 4. 


Tumor populations with comparable degrees of non- 
diploidy were found in the groups primarily classified 
as IB cr IC (Fig. 3). The latter group, however, also 
contained tumors with very high proportions (>80%) 
of nondiploid cells. A similar relationship between tu- 
mor DNA content and histologic evaluation was found 
when the classification was revised (Fig. 4), i.e., lowest 
DNA levels in adenomas (IA) and highest in adeno- 
carcinomas (IC). Among the invasive adenocarcinomas, 
those of moderate or poor differentiation showed the 
highest DNA values, whereas the DNA content in the 
highly differentiated tumors did not essentially differ 
from the values in the borderline group (IB). 

In all of the eight patients who died of ovarian ma- 
lignancy, both the primary and the reviewed morpho- 
logic diagnosis were IC. At review of the specimens the 
differentiation grade was found to be moderate or 
poor. In all eight tumors there was severe nondiploidy, 
with more than 80% nondiploid cells (Figs. 3 and 4). 


Comment 


In recent years many new treatment modalities have 
been introduced for malignant ovarian tumors, partic- 
ularly as a result of progress in radiotherapy and che- 
motherapy. Several prospective randomized studies 
have been undertaken to evaluate such regimens. As 
in earlier studies, the prognosis has been shown to be 
determined by a variety of factors, including type of 
tumor, clinical stage and the histologic grade of malig- 
nancy. Recently a multivariate analysis demonstrated 
the histologic malignancy grade to be well correlated 
to survival within the clinical stages IA-C and HA. 
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Fig. 2. Examples of DNA distribution patterns in serous ovarian tumors with morphologic diagnosis 
of adenoma (JA), borderline tumor (IB) or invasive adenocarcinoma (IC). The adenocarcinomas are 
subdivided according to tumor differentiation: h, high; m, moderate: /, low. 


For comparability of treatment results, both within 
single randomized series and between series at differ- 
ent treatment centers, homogeneity of histologic clas- 
sification and of malignancy grading are decisive. For 
the individual patient, too, such malignancy grading is 
of great importance. The high risk of side effects from 
currently employed chemotherapy underlines the need 
for standardized malignancy grading as a basis for 
choice of postoperative management. 

Great efforts have therefore been made to define 
reproducible histologic criteria and to disseminate them 
among pathologists, e.g., by the World Health Orga- 
nization.' Despite all attempts to achieve objectivity, 
however, histologic diagnosis based on light microscopy 
remains a subjective assessment that is influenced by 
the examiner’s personal experience in the field. Al- 
though this influence is of minor significance in regard 
to tumors of typical appearance, diagnostic routines 
frequently must deal also with tumors that cannot 
readily be assigned to the groups described in manuals. 

Measurement of DNA content, with standardized 
procedure, is an objective and hence reproducible 
method. In a recent study of serous ovarian tumors 
there was a close relationship between the nuclear DNA 
content and the malignancy potential of the tumors. 
The biologically highly malignant tumors were iden- 
tiable with surprisingly good accuracy. 

The question posed for the present study was 
whether DNA analysis could also provide a basis for 
grouping of serous ovarian tumors as adenoma, bor- 
derline malignancy, or adenocarcinoma. We therefore 
compared the DNA levels with the histologic evalua- 
tion. To make the comparison as direct as possible, the 


DNA analyses were performed on sections from the 
tissue specimens that had been used for the histologic 
examinations. The study comprised 54 tumors pri- 
marily diagnosed as serous borderline malignancy or 
serous invasive adenocarcinoma. Review of the speci- 
mens led to revision of the diagnosis in 17 (31%) of the 
series, a figure which agrees well with previous 
reports.°* 

The distribution pattern of DNA (Fig. 2) showed that 
in the tumors reclassified as adenoma (IA). the values 
mostly were within the limit (<2.5c) for a normal dip- 
loid cell population. Between adenoma and borderline 
tumor, however, there was no clear demarcation in re- 
gard to DNA pattern. The borderline tumors thus in- 
cluded some that were comparable with adenoma in 
this respect and some with fairly abundant cells showing 
DNA levels of >2.5c. These latter nevertheless did not 
exceed the tetraploid (4c) values that can be seen in 
normal prolife-rating cell populations. Because of the 
imprecise transition in DNA values from adenoma to 
borderline malignancy, the method does not permit 
definite classification of a tumor as benign (IA) or of 
borderline type (1B), implying risk of subsequent me- 
tastasis and death from the disease. The same demar- 
cation is also recognized as being difficult in histologic 
evaluation. 

Among the invasive adenocarcinomas there were 


some with DNA distribution curves indistinguishable 


from those of borderline tumors, but there also was a 
group with strongly aneuploid cell populations, con- 
taining cells with very high and scattered amounts of 
DNA. At the histologic review all of these aneuploid 
tumors were graded as adenocarcinoma of moderate 
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Fig. 3. Percentage of cells with DNA content >2.5c of normal 
control cells in tumors orginally classified as borderline ma- 
lignancy (ZB) or invasive adenocarcinoma (IC). Open circles, 
survivors; solid ctrcles, deaths because of tumor. 


or poor differentiation, and all of the deaths in the 
follow-up period occurred in this group. 


The tumors judged at review to be highly differen- - 


tiated invasive adenocarcinoma showed DNA distri- 
bution curves of the type found in borderline tumors. 
The clinical behavior of these adenocarcinomas likewise 
resembled that of the borderline tumors in that no 
patient died because of the tumor. Although the num- 
ber of cases was too small to permit firm conclusions, 
the results indicate the possibility that serous invasive 
cancer showing DNA content within the limits for nor- 
mal tissues can be managed in the same way as bor- 
derline tumors. 

Compared with histologic assessment, analysis of 
DNA content by means of standardized procedure is 
objective and accordingly a more reproducible method. 
DNA analysis, however, does not always permit differ- 
entiation between normal tissue and tumor tissue. 
Many tumors are composed of entirely diploid cell pop- 
ulations, and the DNA curves therefore are identical 
with those of normal tissue. The finding of a diploid 
cell population in a tumor indicates only a slow growth 
rate and by no means precludes metastasis." Conven- 
tional histologic examination thus remains decisive for 
the distinction between adenoma and borderline tu- 
mor. The present study suggests that, despite the sub- 
jective factor in histologic malignancy grading, its re- 
lability in this distinction is relatively high. 

The histologic demarcation between tumors of bor- 
derline malignancy and true invasive adenocarcinoma 
is likewise subjectively influenced. Many tumors his- 
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Fig. 4. Percentage of cells with DNA content >2.5c of normal 
control cells in tumors reclassified as adenoma (FA), borderline 
malignancy (IB), or invasive adenocarcinoma (IC). The ad- 
enocarcinomas are subdivided according to tumor differen- 
tiation: h, high; m, moderate; /, low. 


tologically classified as invasive cancer are of low ma- 
lignancy, which is reflected in patient survival times 
comparable with those for borderline tumor. The main 
importance of DNA analysis in ovarian tumors 1s its 
high specificity in distinguishing between high and low 
degrees of malignancy. DNA analysis, as an objective 
technique, thus constitutes a useful diagnostic comple- 
ment, partly as an aid in histologically doubtful cases, 
but above all for identification of the highly malignant 
tumor forms. A combination of histologic evaluation 
and DNA analysis therefore appears to offer prospects 
of heightened diagnostic accuracy in serous ovarian 
tumors. 
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The effect of a prostaglandin synthetase inhibitor on the 
hormonal profile and the endometrium in women 


B. M. Landgren, M.D., V. Lundstrém, M.D., P. Eneroth, M.D., and E. Johannisson, M.D. 


Stockholm, Sweden, and Geneva, Switzerland 


A prostaglandin synthetase inhibitor, naproxen, was given continuously throughout the menstrual cycle at a 
dose of 250 mg twice daily to 10 healthy fertile women (group 1) and at a dose of 1000 mg per day to 
eight women in the secretory phase (group 2). Blood samples were withdrawn three times a week during a 
control cycle and during the treatment cycle. Luteinizing hormone, follicle-stimulating hormone, prolactin, 
estradiol, and progesterone were analyzed. Endometrial biopsies were taken in the secretory phase 

of the control cycle and in the treatment cycle of group 1 and on the first day of menstruation of group 2. 
Naproxen treatment did not suppress ovulation in any cycle and did not affect the corpus luteum function 
either in group 1 or in group 2. In only one of the endometrial samples taken in the secretory phase 
(group 1) was the density of the lysosomes increased in the treatment cycle compared to the control cycle. 
The specimen taken during the early merstrual period (group 2) showed an increase in glandular 
epithelium and height following naproxen treatment. Furthermore, a significant increase in the number of 
plasmolemmal vesicles per square micrometer was observed in the capillary endothelial cells after the 
administration of 1000 mg of naproxen per day. This suggests that the transcellular exchange of 
water-soluble molecules in the endothelial cells was more active after the administration of a prostaglandin 
synthetase inhibitor than in the control group. In spite of the significant morphologic changes observed 

in the naproxen-treated material the onset of menstrual bleeding could not be prevented. The mechanism 
of the onset of menstruation needs to be further investigated. (AM J OBSTET GYNECOL 1985;151:361-8.) 


Key words: Endometrium, hormones, prostaglandin synthetase inhibitor 


Animal studies have suggested that prostaglandins 
are mediators of ovulation as well as luteolysis.'? A 
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similar function of prostaglandins in women has not 
yet been convincingly demonstrated. However, in vitro 
studies by Hamberger et al.** indicate that prostaglan- 
din Fain the presence of norepinephrine may induce 
luteolysis in human corpora lutea in vitro as well as in 
VIVO. 

Administration of prostaglandin synthetase inhibi- 
tors to a subhuman primate has been demonstrated to 
interfere with rupture of the follicular membrane with- 
out affecting luteinization, leading to the “blocked 
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Table I. Characteristics of contro] and treatment cycles in 10 women treated with 500 mg of naproxen 


daily (Group 1) 





Length of 
luteinizing secretory 
hormone peak* | phase (days) 

l 28 14 14 Yes 

2 26 I7 9 Yes 

3 25 9 16 Yes 

4 27 13 © KM Yes 

5 28 9 19 Yes 

6 28 16 > 12 

7 35 22 13 Yes 

8 35 24 1] Yes 

9 35 22 13 Yes 
10 27 13 14 Yes 


*Length of proliferative phase 
} Progesterone levels >16 nmol/L for at least 5 days. 


ovum” state. However, a previous study by Chaudhuri 
and Elder,’ in 1976, using aspirin (1.8 to 3.6 gm 
daily) administered to human volunteers did not affect 
the ovulation process as evidenced by circulating ste- 
roid hormonal levels. The present study was under- 
taken to evaluate the possible effect of a more potent 
prostaglandin synthetase inhibitor, naproxen, on ovu- 
lation and Juteolysis. In addition, the morphologic fea- 
tures of the endometrium in the secretory phase were 
investigated. 


Material and methods 


Eighteen apparently healthy women with proved fer- 
tility and a history of regular menstrual cycles of 26 to 
35 days for a minimum of 3 months prior to admission 
were recruited for the study. None of them had used 
steroidal contraceptives or an intrauterine contracep- 
tive device during the preceding 3 months and none 
had an abortion within the last 3 months or a delivery 
within a year prior to admission. Before entry into the 
study a complete gynecologic examination including 
Papanicolaou smear was carried out. The participants 
were instructed to use only barrier methods for con- 
traception during the study period. 

Following approval of the Ethical Committee of the 
Karolinska Hospital, a prostaglandin synthetase inhib- 
itor (naproxen, Astra Syntex, Södertälje, Sweden) was 
administered at a daily dose of 500 mg to 10 of the 
women during one complete menstrual cycle (group 
1). Eight other women received 1000 mg of naproxen 


_ daily from day 8 after the estimated time of ovulation 


. (determined by basal body temperature) to the onset 
of menses (group 2). 

Group 1. Blood samples were withdrawn three times 
weekly during one control cycle and one treatment cy- 


OvulationT 


Yes 


Treatment 










Days of Length of 






luteinizing secretory 
hormone peak* | phase (days) Ovulation 

14 13 Yes 
17 10 Yes 

8 17 Yes 
12 16 Yes 
18 12 Yes 
19 Il Yes 
17 | Yes 
16 14 Yes 
18 14 Yes 
17 14 Yes 


cle. Endometrial biopsies were taken only once per cycle 
between cycle days 21 and 24. 

Group 2. During the study basal body temperature 
was used to indicate the time of ovulation. During the 
luteal phase three blood samples were withdrawn to 


. confirm ovulation.’ During both the control cycle and 


the treatment cycle from day 12 after the estimated 
time of ovulation, blood samples were withdrawn every 
eighth hour (7:00 Am, 3:00 PM,, and 11:00 pm) until the 
onset of menstrual bleeding. An endometrial biopsy 
was taken on the first day of bleeding. The blood 
samples were analyzed for luteinizing hormone, folli- 
cle-stimulating hormone, prolactin, estradiol, and pro- 
gesterone by radioimmunoassay methods (kits from 
Biodata, Coinsins, Switzerland). The lengths of pre- 
ovulatory and postovulatory phases in the control cycles 
were compared to those of the treatment cycles by Stu- 
dent’s paired ¢ test. 

The specimens were taken with a Randall curette, 
without dilatation of the cervix and without anesthesia. 
One part of the biopsy was immediately fixed in 3% 
glutaraldehyde in phosphate buffer (pH 7.4) and fur- 
ther processed for electron microscopy. Another part 
of the biopsy was fixed in Bouin’s solution, embedded 
in paraffin, and stained in hematoxylin and eosin for 
light microscopic examination. The material obtained 
for electron microscopy was further divided into two 
parts. One of these was prepared for histochemical ex- 
amination of acid phosphatase according to the method 


_ described by Smith and Henzl.’? The other part was 


subjected to fixation in 1% osmium tetroxide dissolved 
in phosphate buffer (pH 7.4) and embedded in Epon 
epoxy resin according to the method described by 
Luft.® The sections were then mounted on unsupported 
200-mesh copper grids and stained with uranyl acetate’ 





(Original magnification x 30,000.) 





< and lead citrate. The specimens were examined by a 
Zeiss H electron microscope. 


Results 


All women completed the study. However, in one 


<0 woman the endometrial biopsy obtained in the treat- 
< ment cycle was insufficient for microscopic exami- 


~ nation. 
Group 1. Table I shows the length of the control and 
_ treatment cycles in the 10 women of group 1 as well as 
the length of the proliferative and secretory phases. No 


< statistical difference was found in the length of the 


preovulatory and postovulatory phases when the con- 
trol cycles were compared to the treatment cycles. 
Naproxen treatment at a dose of 500 mg did not 
suppress ovulation in any cycles studied as evaluated 
from progesterone levels. All women fulfilled the cri- 
teria of a normal ovulatory cycle in the control month 


2 _ $ as well as in the treatment cycle (preovulatory estradiol 
_ -peak of 700 pmol/L and progesterone levels above 16 


-nmol/L for a minimum of 5 days according to Land- 
-gren et al.*). Therefore, there is no evidence that the 

treatment with naproxen did affect the corpus luteum 
function. Also the prolactin levels remained low within 


the normal range during the naproxen treatment. 





Fig. 1. Part of a cell from the endometrial stroma showing a dense lysosome with clearly distinguished 
membrane. The endometrium was obtained on cycle day 25 following treatment with naproxen. 


The steroid pattern observed in the treatment cycles. 
was further supported by the endometrial histologic - 
findings. The histologic data corresponded to the days 
after midcycle luteinizing hormone surge in 15 of 19 
biopsies, allowing an error of +1 day in interpretation. 
In the remaining three biopsies two belonged to the 
control cycles and were considered to reflect the norm: 
variation in the histologic pattern during the menstrua 
cycle. Only one biopsy obtained in the treatment re 
did not correspond to the criteria set for the histol gl 
dating of the endometrium." This biopsy was classified 
as secretory endometrium corresponding to the lutein- 
izing hormone surge plus 11 days. The biopsy was, — 
however, taken on the fourteenth day after the mid- i 
cycle surge of luteinizing hormone, 3 days prior to the — 
onset of menstruation. | 

The presence of lysosomes in the cytoplasm of the- 
stromal cells was examined in the electron microsco 
by histochemical methods for the localization. of a 
phosphatase as well as ordinary electron microscopi 
methods. Specifically stained granules of acid phos 
phatase were found in the lysosomal bodies as. we ‘ 
in the endoplasmic reticulum of the cytoplasm. 5 
number and size of the lysosomes varied markedly 
the endometrial material without any significant cor- 2 








Fig. 2. Part of a cell from the endometrial stroma of material obtained on cycle day 25 of the control 
cycle. Note that the density of the lysosomes is less than in Fig. 1. (Original magnification x 30,000.) 


-Table II. Indices of endometrial activity before (control) and after 8 days of administration of 


i 1000 mg of naproxen* 


Glandular 
No glands/ pm’ diameter (jum) 
Before naproxen 25.6 36.1 
(control) (19.9-32.9) (26.1-49.9) 
After naproxen 21.47 61.9% 


(13.2-34.7) 


(43.9-87.3) 





Predecidual Neutrophilic 
Glandular epithelial reaction infiltration 
height (jam) (scores) (scores) 
15.3 1.6 2.0 
(13.5-17.4) (0-2.9) (1.2-3.5) 
17.18 LST Lif 
(14.2-20.6) (1.0-3.4) (0-1.4) 





*Geometric mean values with 95% confidence limits in parentheses. 


-© 4NOt significant. 
_ Ep < 0.05. 
-$p < 0.02. 


relation to the treatment. In the biopsies obtained late 
| | the secretory phase, the lysosomes often occurred in 
a large number in the cytoplasm and their size was 
slightly larger than that of those observed earlier in the 
postovulatory phase. In one of these cases the density 
-of the lysosomes was increased in the endometrium 
obtained in the late secretory phase of the treatment 
cycle (Fig. 1) when compared to that in the control cycle 
(Fig. 2). The lysosomal membranes observed in the 
treatment cycle were intact with a lining clearly distin- 
guishing the lysosomes from the surrounding cyto- 














plasm. Whether this observation reflects an increased 
membrane stability due to the treatment remains to be 
further investigated. 

Group 2. Naproxen at a dose of 1000 mg/day given 
during the secretory phase did not affect the corpus 
luteum function as reflected by luteal phase length and- 
circulating estradiol and progesterone levels. Table II- 3 


shows the endometrial activity before and after an 


proxen treatment. 


The daily administration of 1000 mg of pme a 
seemed to have a sguncani effect on the hüinan: en- > 























ee -dometrium in spite of the fact that the circulating hor- 
- “mone levels did not vary from those of the control cycle. 


At the time of the onset of menstruation, significantly 
less neutrophil infiltration (p < 0.05) was found in the 
endometrium in the treatment cycle when compared 
to the control cycle. The glandular epithelium was sig- 
nificantly less diminished (p < 0.02) and the diameter 
of the glands larger (p < 0.05). The histologic appear- 


-o ance of the endometrium after the treatment with 1000 


mg of naproxen therefore rather corresponds to that 
of a late secretory phase than that of a premenstrual 


mucosa. 


There seem to be some interesting findings in the 
morphometric assessment. The diameter of glands, 
_ glandular epithelial height, and leukocytic infiltration 
„were significantly altered when the treatment cycle was 


-= - compared to the control cycle. No effect was seen on 
-œ the number of glands and predecidual reaction. Fol- 


lowing the naproxen treatment, the histologic dating 
rather corresponded to a late secretory phase rather 
than a premenstrual phase. 

As in group 1 the presence of granules representing 
* acid phosphatase was studied in the cytoplasm of the 


stromal cells under the electron microscope after his- 
~~. tochemical staining of the endometrial material. Most 


< of the granules were attached to the membranes of the 

endoplasmic reticulum and no difference was found 
between the control and the naproxen-treated samples 
as to the distribution of these granules in the cytoplasm. 
The lysosomes had a moderate optical density and 
scanty granules were found inside. No difference was 
observed between the control and the naproxen-treated 


material with regard to the lysosome appearance. The 


- endometrial samples of group 2 were all obtained at 


os - the onset of the menstrual bleeding, and the ultrastruc- 
= ture of the capillary endothelial cells was subjected to 
_ a detailed examination by the routine embedding and 


staining for transmission electron microscopy. The 
presence of plasmolemmal vesicles located in the pe- 
_ riphery of the endothelial cell cytoplasm was assessed 


-by calculating the number of vesicles per square mi- 


< crometer. As illustrated in Fig. 3 the plasmolemmal 
` vesicles appeared scantily distributed in the periphery 
of the cytoplasm in the material obtained from the con- 


a : trol cycle. The geometric mean value from the eight 


women participating in the study was 7.2 vesicles per 
-square micrometer (95% confidence limit, 5.1 to 10.1). 
_ On the contrary, a significantly increased number of 
plasmolemmal vesicles per square micrometer (p < 
0.02) was found after the naproxen treatment. Fig. 4 
shows a large number of plasmolemmal vesicles closely 
_ packed at the cytoplasmic border. The geometric mean 


: “value of the eight participating women was 13.1 vesi- 
a -o des per K micrometer (95% confidence limit, 9.5 
oe z to > 18. 0). 


Comment 


The results of the present study clearly indicate that i‘ 
the prostaglandin synthetase inhibitor naproxen does. 
not significantly influence the normal menstrual cycle 
when given in therapeutic doses. In this respect our i 
findings are in agreement with previous studies by- 
Chaudhuri and Elder’ who studied the effect of aspirin 
in therapeutic doses in women. Nevertheless, Toppo- Á 
zada et al.” suggested a possible shift of midcycle en- 
docrine events to the left when indomethacin was given — 
in doses of 75 mg. daily from cycle day 5 to the onset 
of menstrual bleeding." In their study the blood sam- 
ples were not taken regularly throughout the cycle, 2 
Thus the time of ovulation was only approximately es- 
timated. The results given by Toppozada et al. are 
therefore difficult | to interpret. es 

The lack of influence of the prostaglandin sy nthetase a 
inhibitors observed i in group: 2 of the present study may, 
however, be explained by the low dose of naproxen. 
Animal studies with other types of prostaglandin syn- - 
thetase inhibitors, such as indomethacin, have shown a 
significant inhibition of ovulation when these sub 
stances are given in high doses. Indomethacin given 
in a dose of 10 mg/kg intramuscularly daily was rë- 
ported to completely block ovulation in rhesus mon- 
keys.” Therefore, it cannot be excluded that doses of: 
naproxen ten times higher may have a similar effect in 
humans. However, because of the toxicity of these is 
drugs, such doses are of no clinical interest. ae 

Administration of 75 mg of indomethacin or 500 o 
1000 mg of naproxen daily 1 to 2 days prior to expected 
menstruation has been reported to postpone the onset. 
of menstrual bleeding. '+ Ft has therefore been sug: 
gested that prostaglandin. synthetase inhibitors may in- 
terfere with the timing of menstrual bleeding. In. the 
present study no pr olongation of the secretory phase : 
could be observed in the treatment cycle when com- 
pared to the control cycle. It should, however, be em 
phasized that the length of the secretory phase in nor- 
mally menstruating women varies between 12 and 17 
days. Further studies on the influence of prostaglan. 
din synthetase inhibitors on the circulating steroid lev- 
els and the endometrial structure, when administered : 
in the premenstrual phase, might therefore be nec- í 


essary. 


Although no significant difference was found as to 
the dating of the human endometrium in the control 
cycle when compared to the treatment cycle with 50€ 
mg of naproxen daily in group 1, the results obtainec ie 
with 1000 mg of naproxen daily in group 2 indicated 
a limited effect in the late secretory phase. The electri 
microscopic examination of the material revealed 
slight difference as to the lysosomal structure sug 
gesting a stabilization of the lysosomal membranes in 
the treatment cycle. Previous studies by Weissman- 








Fig. 3. Part of an endothelial cell of endometrium obtained in the control cycle on the day of onset 
of menstrual bleeding. The cytoplasmic matrix is dense. The lysosome (L) shows a moderate density. 
A few plasmolemmal vesicles (v) are scattered along the cytoplasmic border. (Original magnification 


x 55,400.) 


-et al have suggested that prostaglandins and cyclic 
nucleotides. may be involved in lysosomal enzyme re- 
lease. The effect of circulating progesterone and es- 
tradiol on the lysosomal membrane stability may also 
be taken into consideration.” * 

- The significant increase in the number of plasmo- 
-lemmal vesicles per square micrometer observed in the 
capillary endothelial cells after the naproxen treatment 
also seems to indicate that the transcellular exchange 
of water-soluble molecules is more active after na- 


proxen treatment. In this respect it is noteworthy that 
mice injected intraperitoneally with a lipid-substituted 
derivative of cyclic adenosine monophosphate (dibu- 
tyryl cyclic adenosine monophosphate) showed a sig- 
nificant increase in the number of plasmolemmal ves- 
icles per square micrometer of the endothelial cyto- 
plasm of brain capillaries 5 and 20 minutes after the 
injection.'® It is known that prostaglandin synthetase 
inhibitors block the formation of prostaglandins E, and 
Fa and obviously interfere with the adenosine 5'-di- 








Fig. 4. Part of an endothelial cell of endometrium obtained after treatment with 1000 mg of naproxen 
daily on the day of onset of menstruation. The cytoplasmic matrix is less dense than shown in Fig. 
3 representing the control endometrium. The lysosome (L) shows a higher density than in the control 
endometrium and the plasmolemmal vesicles (v) are found in a significantly increased number in 
the periphery of the cytoplasm. (Original magnification x 55,400.) 


phosphate—induced platelet aggregation. Since it has 
also been shown that an inhibition of this adenosine 5’- 
diphosphate—induced platelet aggregation is associated 
with a rise of cyclic adenosine monophosphate,” it can- 
not be excluded that the increased number of plas- 
molemmal vesicles per square micrometer observed in 
the present study after the naproxen treatment is re- 
flecting a mechanism similar to that observed in the 
mice treated with cyclic adenosine monophosphate. 





In spite of the facts that less regressive changes were 
observed in the endometrium obtained in the treat- 
ment cycles than in the control cycles and that a more _ 
active intracellular transport of water-soluble substance — 
seemed to exist in the treated cycles, the administration 
of 1000 mg of naproxen daily during the late secretory © 


phase did not seem to prevent the onset of the men- = 


strual bleeding. The mechanism of menstruation there- 
fore still remains an open question and further studies 





ar required | : 0 clarify the factors responsible for ne 
onset ol menstruation. 
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Prolonged postoperative analges 
with a single epidural injection... 





DURAMORPH® PF PROVIDES SUPERIOR ANALGESIA WHEN COMPARED V 
ESD 


DURATION OF 
PAIN RELIEF 
IS NEARLY 
QUADRUPLED 


Hours of analgesia (Mean + S.D.) 


EPIDURAL 


1 6.1 HRS. 





POSTOPERATIVE 
ANALGESIA 
OFTEN LASTS UP 
TO 24 HOURS 





Percent of patients not requiring 
analgesia 24 hours postoperatively 


EPIDURAL 


37% 


30 


20 








PRESERVATIVE-FREE h 
Juramorph PF 


norphine sulfate injection, USP) CII 


NVENTIONAL NARCOTIC ADMINISTRATION: 


Charts depict th Its of a double-blind stud 
ISTOPERATIVE lalate the caiman aliens of 5 Ree 
morphine (N= 19) with that of 5 mg intravenous (IV) 
iTi ENTS MAY morphine (N= 19) following cesarean section.” 
: AMBULATORY | 


HALF THE TIME 
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Virtually no sedation or loss of motor function 


DURAMORPH® PF administered epidurally 
relieves pain with little effect on sensory, motor 
or sympathetic function. Patients are alert, 
cooperative and able to move about without 
discomfort. 





No potentially neurotoxic additives 


Unlike other morphine preparations, 
DURAMORPH® PF contains no bisulfites, phenols, 
chelating agents, paraben preservatives, 

or benzyl alcohol that may cause neurotoxicity 
when administered epidurally. 





Low incidence of respiratory depression 


Delayed respiratory depression has been 
reported. Patients should be monitored closely 
for 24 hours postoperatively after each dose. If 
respiratory depression should occur, it can be 
reversed readily with naloxone, without affecting 
the quality of analgesia. 


*Cohen SE, Woods WA: Anesthesiology 58:500, 1983 
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PRESERVATIVE-FREE h 
Duramorpn PF 





morphine sulfate injection, USP) Cl 


DESCRIPTION 

Preservative-free DURAMORPH® PF (Morphine Sulfate Injection, 
USP) is a sterile, pyrogen-free, isobaric Solution free of antioxi- 
dants, preservatives or other potentially neurotoxic additives, and 
is intended for intravenous, epidural or intrathecal administration 
as a narcotic analgesic. Each milliliter contains morphine sulfate 
0.5 mg ori mg Warning: May Be Habit Forming) and sodium 
chloride 9 mg in Water for Injection. pH range is 2.5-6.0. Ampuis 
are sealed under nitrogen. Each Dosette® ampul is intended 
for SINGLE USE ONLY Discard any unused portion. DO NOT 
AUTOCLAVE. 


INDICATIONS AND USAGE 

Preservative-free DURAMORPH® PF is a systemic narcotic anal- 
gesic for administration by the intravenous, epidural or intrathecal 
routes. It is used for the management of pain not responsive to 
non-narcotic analgesics. Morphine sulfate, administered epidurally 
or intrathecally, pore pain relief for extended periods without 
attendant joss of motor, sensory or sympathetic function, 


COMTRAINDICATIONS 

DURAMORPH? PF is contraindicated in those medical conditions 
which would preclude the administration of opioids by the intra- 
venous route-—allergy to morphine or other opiates, acute bron- 
chial asthma, upper airway obstruction, 

Administration of morphine by the epidural or intrathecal route is 
contraindicated in the presence of infection at the injection site, 
anticoagulant therapy, bleeding diathesis, parenterally admin- 
istered corticosteroids within a two week period or other concami- 
tant drug ie or medical condition which would contraindicate 
the technique of epidural or intrathecal analgesia. 


WARNINGS 

DURAMORPH® PF administration should be limited to use by those 
familiar with the management of respiratory depression, and in the 
case of epidural or intrathecal administration, familiar with the 
techniques and patient management problems associated with 
epidural or intrathecal drug administration. Because epidural 
administration has been associated with lessened potential for 
immediate or late adverse effects than intrathecal administration, 
the epidural! route should be used whenever possible. Rapid intra- 
venous administration may result in chest wail rigidity. 
FACILITIES WHERE DURAMORPH® PF IS ADMINISTERED MUST 
BE EQUIPPED WITH RESUSCITATIVE EQUIPMENT, OXYGEN, 
NALOXONE INJECTION, AND OTHER RESUSCITATIVE DRUGS. 
WHEN THE EPIDURAL OR INTRATHECAL ROUTE OF ADMIN- 
ISTRATION 1S EMPLOYED, PATIENTS MUST BE OBSERVED IN A 
en AND STAFFED ENVIRONMENT FOR AT LEAST 24 


SEVERE RESPIRATORY DEPRESSION UP TO 24 HOURS FOLLOW- 
eee OR INTRATHECAL ADMINISTRATION HAS BEEN 


Morphine sulfate may be habit forming. (See Drug Abuse and 
Dependence scion) 


PRECAUTIONS 


GENERAL . 

Preservative-tree DURAMORPH® PF (Morphine Sulfate Injection. 
USP} should be administered with extreme caution in aged 
or debilitated patients, in the presence of increased intra- 
cranial/intraocular pressure and in patients with head injury. Pupill- 
ary changes (miosis) may obscure the course of intracranial 
pathology. Care is urged in patients who have a decreased respira- 
tory reserve (e. g., emphysema, severe obesity, kyphoscoiiosis) . 


Seizures may result from high doses. Patients with known seizure 
disorders should be carefully observed for evidence of morphine- 
induced seizure activity. 


it is recommended that administration of DURAMORPH® PF by the 
epidural or intrathecal routes be limited to the lumbar area. Intra- 
thecal use has been associated with a higher incidence of respira- 
tory depression than epidural use. 


Smooth muscle hypertonicity may result in biliary colic, difficulty in 
urination and possible urinary retention requiring catheterization. 
Consideration should be given to risks inherent in urethral 
catheterization, ¢.9., sepsis. when epidural or intrathecal admin- 
istration is considered, especially in the perioperative period. 


Elimination half-life may be proionged in patients with reduced 
metabolic rates and with hepatic or renal dysfunction. Hence. care 
should be exercised in administering morphine in these conditions, 
particularly with repeated dosing. 

Patients with reduced circulating blood volume, impaired myocar- 
dia! function or on sympatholytic drugs should be observed care- 
fully for orthostatic hypotension, particularly in transport. 
‘Patients with chronic obstructive pulmonary disease and patients 
with acute asthmatic attack may develop acute respiratory failure 


with administration of morphine. Use in these patients should be 
reservec for those whose conditions require endotracheal intuba- 
tion and respiratory support or contro! of ventilation. 


DRUG INTERACTIONS 

Depressant effects of morphine are potentiated by either concomi- 
tant administration or in the presence of other CNS depressants 
such as alcohol, sedatives, antihistaminics or psychotropic drugs 
ey MAO inhibitors, phenothiazines, butyrophenones and tn- 
cyclic antidepressants). Premedication or intra-anesthetic use of 
neuroleptics with morphine may increase the risk of respiratory 
depression. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY 
Studies of morphine sulfate in animals to evaluate the carcinogenic 
an mutagene potential or the effect on fertility have not been 
conducted. 


PREGNANCY 

Teratogenic effects—Pregnancy Category C. Animal reproduction 
studies have not been conducted with morphine sulfate. It is also 
not known whether morphine sulfate can cause fetal harm when 
administered to a pregnan woman or can affect reproduction 
capacity. Morphine sulfate should be given to a pregnant woman 
only if clearly needed. 


Nonteratogenic effects. Infants born from mothers who have been 
taking morphine chronically may exhibit withdrawal symptoms. 


LABOR ANO DELIVERY 


Intravenous morphine readily passes into the fetal circulation and 


may result in respiratory depression in the neonate. Naloxone and 
resuscitative equipment should be available for reversal of narcotic- 
induced respiratory depression in the neonate. In addition. intra- 
venous morphine may reduce the strength, duration and frequency 
of uterine contraction resulting in prolonged labor. 


Epiduraliy and intrathecally administered morphine readily passes 
into the fetal circulation and may result in respiratory depression of 
the neonate. Controlled clinical studies have shown that epidural 
administration has little or no effect on the relief of labor pain. 


However. studies have suggested that in most cases 0.2 to 1 mg of 
morphine jntrathecally provides adequate pain reef with littie effect 
on the duration of first stage labor. The second stage labor, though, 
may be prolonged if the parturient is not encouraged to bear down. 
A continuous intravenous infusion of naloxone, 0.6 mg/hr, for 24 
hours after intrathecal injection may be employed to reduce the 
incidence of potential side effects. 

NURSING MOTHERS 

Morphine is excreted in maternal milk. Effect on the nursing infant 
is not known, 

PEDIATRIC USE 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

The most serious side effect is respiratory depression. Because of 
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delay in maximum CNS effect with intravenously administered dru 
(30 min}. rapid administration may result in overdosing. Bok 
administration by the epidural or intrathecal route may result. 
early respiratory depression due to direct venous redistribution | 
morphine to the respiratory centers in the brain. Late (up to Z 
hours} onset of acute respiratory depression has been reporte 
with administration by the epidural or intrathecal route and 

believed to be the result of rostral spread. Reports of respirator 
depression following intrathecal administration have been moi 
frequent, but the dosage used in most of these cases has bee 
considerably higher than that recommended. This depression me 
be severe and couid require intervention (See Warnings and Ove 
dosage sections). Even without clinical evidence of ventilate: 
inadequacy, a diminished CO, ventilation response may be note 
for up to 22 hours following epidural or intrathecal administratio 


While low doses of intravenously administered morphine have litt 
effect on cardiovascular stability, high doses are excitatory, resul 
ing from sympathetic hyperactivity and increase in circulatir 
catecholamines. Excitation of the centrai nervous system resuitir 
in convulsions may accompany high doses of morphine give 
intravenously. Dyspnoric reactions may occur and toxic psychos 
have been reported. 

Epidural or intrathecal administration is accompanied by a hit 
incidence of pruritus which is dose related but not confined to Si 
of administration. Nausea and vomiting are frequently seen 
patients following morphine administration. Urinary retentic 
which may persist for 10-20 hours following single epidural i 
intrathecal administration has been reported in approximately 90° 
of males. incidence is somewhat lower in females. Patients mi 
require catheterization (see Precautions). Pruritus, nause 
vomiting and urinary retention besa can be alleviated by ti 
intravenous administration of low doses of naloxone (0.2 mg). 


Tolerance and dependence ta chronically administered morphin 
by whatever route, is known to occur (see Drug Abuse and Depe 
dence section). 


Miscellaneous side effects include constipation, headache, anxie! 
depression of cough reflex. interference with thermal regulatk 
and oliguria. Evidence of histamine release such as uticaria, whea 
and/or local tissue irritation may occur. 


in general, side effects are amenable to reversal by narcotic anta 
onists. NALOXONE INJECTION AND RESUSCITATIVE EQUIPME? 
SHOULD BE IMMEDIATELY AVAILABLE FOR ADMINISTRATION 

CASE OF LIFE-THREATENING OR INTOLERABLE SIDE EFFECT 


DRUG ABUSE AND DEPENDENCE 
Controlled Substance: Morphine sulfate is a Schedule Ii substan 
under the Drug Enforcement Administration classification. 


Abuse: Morphine has recognized abuse potential. 


Dependence: Cerebral and spinal receptors may develop tol 
ance/dependence independently, as a function of ioca! dosag 
Care must be taken to avert withdrawal in those patients whe ha 
been maintained on parenteral/oral narcotics when epidural 

intrathecal administration is considered. Withdrawal may occ 
following chronic epidural or intrathecal administration, as well 

the development of tolerance to morphine by these routes. {$ 
Nonteratogenic effects under Pregnancy.) 


Overdosage is characterized by respiratory medaka with 

without concomitant CNS depression. Since respiratory arrest m 
result either through direct depression of the respiratory center 
as the result of hypoxia, primary attention should be given to t 
establishment of adequate respiratory exchange through provisi 
of a patent airway and institution of assisted or controlled venti 
tion. The narcotic antagonist, naloxone, is a specific antido 
Naloxone (usually 0.4 mg) should be administered intravenous 
simultaneously with respiratory resuscitation. As the duration 
effect of naloxone is considerably shorter than that of epidural 
intrathecal morphine, repeated administration may be necessa 
Patients should be closely observed for evidence of renarcotizatic 
Note: Respiratory depression may be delayed in onset up fo 

hours following epidural or intrathecal administration. In pain 
conditions, reversal of narcotic effect may result in acute onset 
pain and release of catecholamines. Careful administration 
naloxone may permit reversal of side effects without affecti 
analgesia. Parenteral administration of narcotics in patients rece 
ing epidural or intrathecal morphine may result in overdosage. 


HOW SUPPLIED l l 
Amber Dosette® ampuis for intravenous, epidural and intrathe 
administration. 


5 mg/10 mL (0.5 mg/mL} packaged in 10s (NDC 0641-1113-: 
10 mg/10 mi (1 mg/1 mL} packaged in 10s (NDC 0641-1115-. 
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Human endometrial prostaglandin. E, binding sites and their 
profiles during the menstrual cycle and in pathologic states 


G. E. Hofmann, M.D., Ph.D., Ch. V. Rao, Ph.D., F. D. De Leon, M.D., A. A. Toledo, M.D., ` 


and J. S. Sanfilippo, M.D. 
Louisville, Kentuckn 


Endometrial tissue from uteri of 35 nonpregnant, E women was assayed for prostaglandin Ez 
and F,, binding site-content as a function of the phase of the menstrual cycle and the pathologic state. . 
For all specimens, tritium-labeled prostaglandin F,, binding was very low (<8 fmol/mg of protein) or 
undetectable regardless of the phase of the menstrual cycle or pathologic State or in the presence or 
absence of 10 umol/L of indomethacin, a prostaglandin synthetase inhibitor. However, tritium- labeled 
prostaglandin E, binding was detected in every specimen and was independent of the presence or 
absence of indomethacin. Binding of tritium- labeled prostaglandin E,, as determined by Scatchard analyses, 
was biphasic (dissociation constant ~ 1 nmol/L; dissociation constant for low- -affinity sites ~ 10 nmol/L) 
for both proliferative and secretory endometrial tissue. However, the total number. of prostaglandin E, 
binding sites, determined from Scatchard or single-point analyses, was significantly higher (p < 0.01) in 

l proliferative endometrium compared to secretory endometrium. In addition, for endometrium from the 
proliferative phase of the menstrual cycle, the diagnosis of abnormal uterine bieeding was associated with 
higher (p < 0.01) tritium-labeled prostaglandin E; binding than diagnosis of dysmenorrhea, stress urinary 
incontinence and uterine prolapse, or pelvic inflammatory disease.. Endometrial specimens with the 

last four diagnoses did not differ significantly (p > 0. 1) from each other. (AM J OBSTET GYNECOL 1985; 


151:369-75.) 


Key words: Prostaglandin receptors, endometrium, menstrual cycle, gynecologic conditions 


Since the discovery and characterization of prosta- 
glandins,' their role in uterine pathophysiologic con- 
ditions has recéived considerable attention. Prostaglan- 
din E (PGE) and F,, (PGF,,).are potent stimulators of 
human uterine smooth muscle contractions,” ’ and this 
action is presumably mediated through binding to dis- 
crete PGE and PGF,, binding sites in myometrium, = 
The myometrial prostaglandin binding:sites have been 
well characterized.*’ Myometrial prostaglandin binding 
sites exhibit topography, i i.e. , higher levels in the fundus 
which decreases toward. the cervical end in parallel with 
smooth muscle. content.* This finding suggested that 
human uterine prostaglandin binding sites are pri- 
marily confined to myometrium.“ The question of ob- 
vious importance is whether human endometrium pos- 
sesses any prostaglandin binding sites. There are no 
data in the literature to answer this question. In fact, 
one previous study reported a lack of prostaglandin 
binding sites in the endometrium of the rhesus mon- 
key.° The present study was undertaken to answer the 
following questions: (1) Does human endometrium 
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contain prostaglandin binding sites? (2) Do the binding 
site levels vary with the phase of the menstrual cycle? 
(3) Do uterine pathologic conditions alter the binding 
site levels? 


Material and methods 


Material. The tritium-labeled prostaglandins were 
purchased from New England Nuclear, Boston, Mas- 
sachusetts, or Amersham Corporation, Arlington 
Heights, Illinois. Specific activities were: tritium- labeled 
PGE, 160 Ci/mmol, and tritium-labeled PGF,,, 150 Ci/ 
mmol. The purity of the tritium-labeled prostaglandins 
was checked by thin-layer chromatography, and if it 
was less than 95%, they were purified as described pre- 
viously... Aliquots of tritium-labeled prostaglandin 
stocks were diluted to about 1 pCi/ml with absolute 
redistilled ethanol and stored at — 20° C between uses. 

Unlabeled prostaglandins were purchased from The 
Upjohn Company, Kalamazoo, Michigan; bovine se- 
rum albumin (type V) and indomethacin, from Sigma 


“Chemical Company, St. Louis, Missouri; and the 0.45 


um pore size filters, from International Research Dis- 
tributors, Dayton, Ohio. All other chemicals were pur- 
chased from commercial sources. 


Methods 


Tissue collection and preparation. Uteri removed 
for medically indicated reasons from nonpregnant pre- 


369 


370 Hofmann et al. 





a. 3 4 5 
Bound [3H] PGE, 10M 


Fig: 1. Scatchard analyses of trittum-labeled PGE, binding to 
proliferative (A) and sécretory (B) endometrium. The disso- 
ciation constants and number of sites calculated (see Methods 
section) are presented in Table III. 


meriopausal women (age. range, 20 to 48 years) were 
obtained from the operating room and immediately 
placed in ice-cold physiologic saline. After examination 
by the pathologist, they were frozen at —90° C. En- 
dometrium was obtained by. gentle scraping of the uter- 
ine cavity with a small spatula. 
Immediately prior to binding experiments, endo- 
metrium was homogenized at 4° C in 10 mmol/L of 
Tris hydrochloride, pH 7.0, containing 250 mmol/L of 
sucrose, | mmol/L of calcium chloride, 1 mmol/L di- 
thiothreitol, and 0.1% gelatin, with two 15-second 
bursts on a Brinkmann polytron homogenizer (Brink- 
marin Instruments, Westbury, New York). ‘The homog- 
enates were centrifuged at 10, 000 x g for ten minutes, 
and the pellet, which was mostly free of hemoglobin, 
was resuspended in homogenization buffer. Protein 
concentration was determined after digestion at 80° C 
in 0.1 mol/L of sodium hydroxide containing 0.1% so- 
dium dodecyl sulphate by the method of Lowry et al. 
_ with bovine serum albumin used as the standard. 
Binding studies. Tritium-labeled prostaglandin 
binding was assayed according to the conditions that 
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have been ae to be optimal for. bovine luteal pros- 
taglandini binding sites.” These conditions, in general, 
are similar to. prostaglandin binding sites in other 
tissues. 

Briefly, tritium-labeled prostaglandins i in . redistilled 
ethanol were pipetted into 12 by 75 mm disposable glass . 
tubes. The ethanol was blown dry under a stream. of 


nitrogen. Aliquots of fractions (200 to 500 pg of pro- 


tein) were then added in amounts of 0.1 ml'to the tubes 
and incubated at 38° C for 1 hour. The incubation 
buffer composition was the same ‘as that of the ho- 
mogenizing buffer and the final tritium- labeled pros- 
taglandin concentration during the incubation was 5 
nmol/L. Following incubation, 1.0 ml of 10 mmol/L 
Tris hydrochloride buffer, pH 7.0, at 4° C was added 
to each tube and poured on Metricel filters -of 0.45 pm 
pore size positioned on a Millipore manifold under a 
vacuum. The tubes were rinsed twice with 1 ml aliquots 
of 10 mmol/L Tris hydrochloride buffer and filtered. 

Finally, each filter was washed with 10‘ml of Tris hy- 
drochloride., buffer at 4° C. The filters were then cut 
into halves and placed into scintillation‘ vials containing 
10 ml of scintillation fluid and counted in a Packard 
Tricarb liquid scintillation counter having a counting 
efficiency of 50% for tritium. The scintillation fluid 
consisted of toluene/Triton X-100/Packard Permafluor 


(25X), 55:18:6 (v/v). Nonspecific binding was deter- 


mined for each specimen in parallel in the presence of 
30 pmol/L of corresponding unlabeled. prostaglandins 
and was subtracted from the total binding to obtain 
specific binding. | 

Although the ability of other unlabeled prostaglan- 
dins and prostaglandin metabolites to inhibit tritium- 
labeled PGE, binding. to endometrium. was not exam- 
ined, itis more thani likely that unlabeled PGE, would 
have, while other prostaglandins and prostaglandin 
metabolites would not have, competed for tritium-la- 
beled PGE, binding, from experience with PGE recep- 
tors in human myometrium*’ and in a Variety of other 
tissues."! 

To evaluate whether the observed. tritium- labeled 
prostaglandin binding was being influenced by pros- 
taglandin synthesis during the. binding reaction, tri- 
tium-labeled prostaglandin biriding to some of the spec- 
imens was determined in the presence and absence of 


10 pmol/L of indomethacin,- a pen i 


synthetase inhibitor. 

- Two endometrial specimens, onë each for rotifers 
ative and secretory phases, were incubated at 38° C for 
l hour with 0.1 to 30 nmol/L of tritium-labeled PGE, 
in the présence and absence of 30 pmol/L of unlabeled 
PGE,. The specific: binding data were transformed ac-. 


‘cording to Scatchard" and graphically displayed in Fig. | 


1. As čan be seen in this figure, the Scatchard plots are 
curvilinear. This can be due to the presence of two 
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Table I. Tritium-labeled prostaglandin binding to human endometrium as a function of the phase of the 
menstrual cycle and the pathologic state 







l P AUB 

2 P DYS 

3 P AUB/ENDO 

4 P ENDO 

5 P SUI 

6 P AUB 

7 F DYS 

8 P AUB 

9 p PID 
10 P AUB 
11 P PID 
12 P UP 
13 P AUB 
14 P DYS/ENDO 
15 P DYS 
16 P DYS 
17 ? AUB 
18 P DYS 
19 P UP 
20 P UP 
21 P AUB 
22 P PID 
23 P UP 
24 P PID 
25 S UP 
26 S DYS 
27 S AUB 
28 S AUB 
29 S UP 
30 S AUB 
31 S SUI 
32 S OC 
33 S AUB 
34 S PCOD 
35 S ENDO 





Tritium-labeled 
PGE, bound 
(fmolimg protein, 
mean + SE) 


Trittum-labeled 
PGF bound 
(fmolimg protein, 
mean + SE) 








84.9 + 11.8 ND 
25.3 + 0.8 ND 
35.2 12 ND 
100.0 + 10.3* ND 
26.7 + 7.5f ND 
73.4 + 8.3 ND 
116.9 + 93.9 ND 
93.1 + 13.4 ND 
30.8 + 5.6 4.2 + 1.8 
41.8 + 15.9 ND 
449+ 7.4 ND 
33.4+ 6.6 3.4 + 3.0 
50.5 + 4.3 ND 
28.2 + 1.0 ND 
25.6 + 14.6 ND 
413+ 42 ND 
48.) + 1.8 ND 
3214 37 8.3 + 2.2 
272+ 5.2 ND 
486+ 5.3 ND 
72.3+ 8.8 ND 
64.3 + 8.5 ND 
18.3 + 6.2 ND 
52.9 + 10.5 ND 
13.9+ 1.4 ND 
14.9 + 1.5 ND 
25.6 + 14.5 4.1) + 1.5 
7.6 + 3.1 5.0 + 2.8 
27.7 + 4.7 ND 
23.3+ 1.3 3.1 + 2.1 
24.9+ 3.7 ND 
991+ 7.5 ND 
17.4+ 6.3 ND 
7.7 + 33 ND 
20.7 + 59 ND 


The abbreviations used are: ND, none detected; P, proliferative; S, secretory; AUB, abnormal uterine bleeding; DYS, dysmen- 
orrhea; ENDO, endometriosis; SUI, stress urinary incontinence; PID, pelvic inflammatory disease; UP, uterine prolapse; PCOD, 


polycystic ovarian disease; OC, ovarian cyst. 
*Patient taking Lo/Ovral at time of hysterectomy. 
Patient taking Noriny! 1:50 at time of hysterectomy. 


independent sets of binding sites or to negative coop- 
erativity. The latter could not be tested because of 
the limited availability of endometrial scrapings. 

The prostaglandin receptors in a wide variety of tis- 
sues exhibit a curvilinear Scatchard plot." There is only 
one study in the literature which examined this and 
found that heterogeneous tritium-labeled prostaglan- 
din binding was not due to negative cooperativity.” 
This led us to assume that heterogeneous tritium-la- 
beled PGE, binding in the present studies was also not 
due to negative cooperativity. If this assumption is in- 
correct, then the dissociation constant of high-affinity 
sites approximates that of a single set of sites in negative 
cooperativity and the sum of high- and low-affinity 
sites equals the total number of sites in negative co- 
operativity. 


Least-square fit analysis,“ which corrects for low-af- 
finity line contribution to high-affinity line intercepts, 
was used to determine the slope and intercepts. The 
apparent dissociation constants were calculated from 
the reciprocal of the slopes and the total number of 
available sites from the X-axis intercepts. The X-axis 
intercepts of corrected high- and low-affinity lines gave 
values for high-affinity and total number of available 
PGE, binding sites, respectively. The difference be- 
tween these two lines gave a value for the number of 
available low-affinity binding sites. The lines in Fig. | 
were drawn according to the actual data points for the 
sake of simplicity. 

Specimen dating and diagnosis. The phase of the 
menstrual cycle was determined by the patient’s last 
normal menstrual period and histopathologic evalua- 
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Fig. 2. A, Graphic display of tritium-labeled PGE; binding to 
34 endometrial specimens by phase of the menstrual cycle. B, 
tritium-labeled PGE, binding to 22 proliferative endometrial 
specimens by diagnosis. Horizontal bars represent the mean of 
each group. P: Proliferative; S: secretory phase of the men- 
strual cycle; AUB: abnormal! uterine bleeding; DYS: dysmen- 
orrhea; SUJ/UP: stress urinary incontinence and uterine pro- 
lapse; PID: pelvic inflammatory disease. | 


tion. The diagnosis was taken fromthe patient’s chart. 

Statistical analysis. The data in Tables I and II are 
the means and their standard errors of at least qua- 
druplicate determinations. Least-squares curve fit anal- 
ysis, Wilcoxon rank sum test with 95% confidence lim- 
its, and correlation coefficients were used in the analysis 
of some of the binding data.” 


Results 


Thirty-five endometrial specimens were examined 
for specific binding of tritium-labeled PGE, and PGF,,. 
Tritium-labeled PGF,, binding in all specimens was ei- 
ther very low (<8 fmol/mg of protein) or undetectable 
(Table I). Trittum-labeled PGE, on the other hand, was 
detected in all specimens. Table I] demonstrates that 


the presence or absence of 10 pmol/L of indomethacin, 


a potent prostaglandin synthetase inhibitor, had no ef- 
fect on the level of tritium-labeled PGE, binding or the 
detectability of tritium-labeled PGF». binding. 

Fig. 1 shows that the Scatchard plots of tritium-la- 
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Table II. Trittum-labeled PGE, binding to 
endometrium in the absence and presence of 
indomethacin 









Trittum-labeled PGE, binding (fmolimg protein) 


Patiznt 





10 pmol/L indomethacin 





1 174+ 6.3 18.6 + 5.8 
2 77 + 3.3 4,9 + 2.6 
a. 18.3 + 6.2 20.5 + 4.5 
4 15.7 + 2.4 90.4 + 4.3 
5. 52.2 + 10.5 47.7 + 5.0 
6 20.7 + 5.9 20.8 + 6.4 





Tritium-labeled PGF,, binding was not detected in any of 
the six endometrial specimens in either the absence or pres- 
ence of indomethacin. 


‘Table UI. The dissociation constants and 


number of sites calculated from Scatchard 
plots of tritium-labeled PGE, binding to 
proliferative and secretory endometrium 


Parameter Secretory 
Correlation coefficient* 0.99 0.99 
Kd,f (nmol/L) 1.0 0.3 
N+ (fmol/mg protein) 33.8. 5.6 
Correlation coefficient 0.88 0.95 ' 
Kd, (nmol/L) 11.0 9.5 
N: (fmol/mg protein) 372.2 | 160.0 


*Goodness of fit of data points to the straight line. Maxi- 
mum value = 1.0 


tKd = Apparent dissociation constant. Subscripts 1 and 2 
refer to high- and low-affinity sites, respectively. 
+N = Total number of available sites. 


beled PGE, specific binding to proliferative (A) and se- 
cretory (B) endometrium were curvilinear. Table III 
shows that the apparent dissociation constants calcu- 
lated for high- and low-affinity sites in proliferative and 
secretory endometrium were similar. However, the pro- 
liferative endometrium contained a greater number of 
sites than the secretory endometrium. 

The dissociation constant of high-affinity endome- 
trial sites is very similar to that of human myometrium‘ 
and leiomyoma.’ The dissociation constant of low-af- 
finity endometrial sites, on the other hand, is lower 
(affinity is higher) than the corresponding ones in myo- 
metrium and leiomyoma.*° 

Fig. 2, A, shows that proliferative endometrium 
(n = 24) bound 2.7 times more tritium-labeled PGE, 
than did secretory endometrium {n = 11) (prolifera- 
tive: mean = 50.6 fmol/mg of protein; range, 18.3 to 
116.9; secretory: mean = 18.7 fmol/mg of protein; 
range, 7.5 to 27.7; p < 0.01). 

Fig. 2, B, shows that proliferative* endometrium 


*Insufficient numbers of endometrial specimens from the 
secretory phase of the menstual cycle did not permit us to 
compare tritium-laheled PGE, binding by diagnosis. 
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from patients with the diagnosis of abnormal uterine 
= bleeding (mean = 62.4 fmol/mg of protein; range, 
35.2 to 93.1; n = 8) bound significantly (p < 0.01) 
more tritium-labeled PGE, than did endometrium from 
patients with a diagnosis of dysmenorrhea* (mean = 
30.6 fmol/mg of protein; range, 25.3 to 41.8; n = 5), 
stress urinary incontinence/uterine prolapse (mean = 
30.8 fmol/mg of protein: range, 18.3 to 48.6; n = 5) 
and pelvic inflammatory disease (mean = 48.0 fmol/ 
mg of protein; range, 30.8 to 64.3; n = 4). Differences 
between the last three groups did not reach statistical 
significance (p > 0.1). The stress urinary incontinence/ 
uterine prolapse group may be considered normal as 
they have no specific uterine abnormality. 


Comment 


This study demonstrates for the first time that humani 
endometrium contains detectable PGE and very few or 
no detectable PGF binding sites. Three possibilities 
were considered for very little or no PGF,, binding 
observed i in human endometrium: (1) There was mask- 
ing of binding sites by endogenously produced PGF». 
If this were the case, then there should have been de- 
tectable binding during the proliferative phase when 
endometrial PGF». production was low’® and nonde- 
tectable binding during the secretory phase whén en- 
dometrial PGF,, production was high.'* Contrary to this 
expectation, PGF,, binding was very slight to nonde- 
tectable regardless of the phase of the cycle. Another 
line of evidence that might argue against the above 
possibility is that endometrial PGE, and PGF,, produc- 
tion is about the same,’ which should make both pros- 
taglandin binding sites nondetectable unless PGF, 
binding sites are very few to begin with. (2) Rapid en- 
dometrial metabolism of tritium-labeled PGF. lowered 
the concentration of bindable ligand. This is not a vi- 
able explanation because endometrial metabolism of 
PGF,, to 13,14-dihydro-PGF,, or 13,14-dihydro-15- 
keto-PGF.,, is negligible.'* (3) There was masking of 
binding sites of PGF,, produced during homogeniza- 
tion and centrifugation procedures. If this possiblity 
were to be true, then there should be greater produc- 
tion of PGF. than of PGE, during the above steps at 
4° C to explain the lack of and the presence of endo- 
metrial PGF,, ard PGE, binding sites, respectively. To 
our knowledge, : chere are no data for such a possibility 
in any tissue. (4) There was masking of binding sites by 
PGF... prodirced during the binding reaction. The sim- 


*The value of 116.9 fmol/mg of protein for one patient 
with the diagnosis of dysmenorrhea.was omitted from statis- 
tical analysis and from Fig. 2 because it was 2.8 times greater 
than the next largest value found for this group. The binding 
measurement could not be repeated because of the small size 
of the specimen. Hence, it is unknown if this was an experi- 
mental error or represented an unusual level of PGE, binding 
sites in the endomeirium of this particular patient. 
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ilar binding in the presence and absence of indometh- 
acin (Table II) rules out this possibility. These points 
reinforce the belief that binding sites are not masked 
but rather that human endometrium indeed possesses 
very few or no detectable PGF,, binding sites. The 
PGF», produced by endometrium may then serve to act 
on myometrium or other adjacent tissues which can be 
reached without going through the general circulation. 
. Possible myometrial contamination of the endome- 
trium should be considered before one can ascertain 
whether endometrial prostaglandin E binding sites are 
intrinsic to the endometrium. First of all, endometrium 
was gently scraped from the uterus to avoid myometrial 
contamination. Even if some myometrium was inad- 
vertently scraped with endometrium, endometrial 
prostaglandin binding sites would still be intrinsic for 
the following reasons: (1) While there was no detectable 
cyclic variation in myometrial prostaglandin E binding 
sites,’ there was a definite cyclic variation in endome- 
trial prostaglandin E binding sites; (2) the prostaglan- 
din E binding site levels in endometrium in many cases 
were higher than the highest levels reported for 
myometrium* ; (3) the tritium-labeled PGE, binding 
was not the same in myometrium‘ and endometrium 
in various gynecologic conditions (myometrium: bind- 
ing in the group with abnormal uterine bleeding was 
the same as that of the stress urinary incontinence 
group but higher than that of the dysmenorrhea group; 
endometrium binding in the group with abnormal uter- 
ine bleeding was higher than that of both the group 
with stress urinary incontinence and the group with 
dysmenorrhea); (4) myometrium always contained 
PGF,, binding sites,’ whereas endometrium contained 
these binding sites only occasionally. 

Thirty-five endometrial specimens were assayed for 
tritium-labled prostaglandin binding. Neither the 
amounts of endometrial scrapings available nor the cost 
of tritium-labeled prostaglandins allowed us to deter- ` 
mine by saturation analysis the total number of pros- 
taglandin binding sites present in every endometrial 
specimen. Therefore, all specimens were examined for 
relative binding differences with the use of a single 
subsaturating concentration of tritium-labled prosta- 
glandin, that is, 5 nmol/L, which is in the middle of 
dissociation constants of high- and low-affinity sites. 
After this binding evaluation and upon observing tri- 


- ttum-labeled PGE, binding differences between prolif- 


erative and secretory phase endometrium, we then ex- 
amined whether the above difference was due to 
changes in binding site affinities and/or in the total 
number of available binding sites. The results revealed 
that while the affinities of PGE, binding sites were sim- 
ilar, the total number of available sites was higher in 
proliferative endometrium than in secretory endome- 
trium. The above approach has been previously used 
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to get around the problems such as described at the 
beginning of this paragraph.’ This approach has 
worked extremely well in the present studies, because 
the mean proliferative endometrial binding as deter- 
mined by use of 5 nmol/L of tritium-labeled PGE, was 
2.7 times higher than that of secretory endometrium. 
This number is in excellent agreement with the value 
of 2.45 times calculated from the total (high- and low- 
affinity) number of available sites from the Scatchard 
plots. 

The higher trittum-labeled PGE, binding in prolif- 
erative phase endometrium and the lower binding in 
secretory phase endometrium parallels the endometrial 
prostaglandin E production profiles.'* '? These data, 
along with the observation that the presence or absence 
of indomethacin had no effect on the level of tritium- 
labeled PGE, binding, suggests that cyclic variation or 
even individual sample variation could not have been 
entirely due to differential binding site masking by 
prostaglandin E produced endogenously. Since the 
uterine specimens used in these studies were not quite 
“normal,” trittum-labeled PGE, binding differences 
seen between proliferative and secretory phase endo- 
metrium may or may not be strictly relevant to normal 
uterine physiologic characteristics. 

It is not known what cell types in human endome- 
trium are responsible for prostaglandin binding. It is 
possible, however, that a greater number of binding 
sites for a particular cell population or a greater num- 
ber of particular cells each with the same number o? 
binding sites could explain the higher tritium-labeled 
PGE, binding in proliferative endometrium than in se- 
cretory endometrium. 

The proliferative endometrium from patients with a 
diagnosis of abnormal uterine bleeding bound more 
tritium-labeled PGE, than endometrium from patients 
with a diagnosis of dysmenorrhea, stress urinary in- 
continence/uterine prolapse, or pelvic inflammatory 
disease. The binding in the last three groups was not 
significantly different. The stress urinary incontinence, 
uterine prolapse group may be considered normal, as 
they had no specific uterine abnormality. As previously 
suggested, the increased levels of prostaglandin E and 
its binding sites in myometrium (and now in endo- 
metrium as well) of patients with abnormal uterine 
bleeding may lead to increased vascular smooth muscle 
relaxation and excessive bleeding.* 


The physiologic significance of prostaglandin E bind- | 


ing sites in endometrial tissue is not known. Obviously, 
they will not be relevant to uterine contractions. Pros- 
taglandins, particularly of the E series, have been shown 
to increase endometrial vascular permeability and sub- 
sequent decidualization in various animal species.” If 
prostaglandin E has a similar role in humans, then pros- 
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taglandin E and its binding sites can be expected to 
influence the above and other endometrial events 
which are prerequisite for the successful implantation 
of a blastocyst. 


We are indebted to the gynecologists and pathologists 
associated with the University of Louisville for their 
help in tissue collection. 
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Is prostaglandin E, really of therapeutic value for 
postoperative urinary retention? Results of a prospectively 


randomized double-blind study 


G. Wagner, M.D., P. Husslein, M.D., and H. Enzelsberger, M.D. 


Vienna, Austria 


In a prospectively randomized double-blind study 28 patients with urinary retention after anterior 
colporrhaphy were administered either placebo or prostaglandin E, in different doses (0.75 mg, 1.5 mg, or 
2.25 mg) intravesically on postoperative days 6 and 7. Urodynamic assessment was performed before 

and after treatment. A moderate but not significant decrease of maximum bladder capacity, bladder 
compliance, and maximum urethral closure pressure was found in patients treated with 2.25 mg of 
prostaglandin E,. These urodynamic changes did not correspond to the clinical outcome: Residual urine 
decreased and effective bladder capacity increased significantly in all four groups uninfluenced by the type 
of therapy. The rate of success (defined by the amounts of residual urine after therapy) was similar in 

the four groups. A ong-term effect of prostaglandin E, could also be excluded, since the mean time interval 
from operation to the first day without resicual urine was similar in the four groups. Therefore the 
therapeutic value of intravesically administered prostaglandin E, in doses from 0.75 to 2.25 mg must be 


seriously questioned. (AM J OBSTET GYNECOL 1985;151:375-9.) 


Key words: Urinary retention, prostaglandin therapy 


From clinical experience it 1s well known that partial 
or complete urinary retention presents a major and 
frequent problem after surgery of female incontinence. 
However, precise data about the frequency of this post- 
operative complication are rare and equivocal, ranging 
from 18%"? to 35%. To shorten this period of post- 


operative retention and to facilitate bladder emptying, © 


different therapeutic modalities such as cholinergic or 
a-blocking drugs, intermittent catheterization, electri- 
cal stimulation are frequently used* but are often of 
minor efficacy. Preliminary reports indicated that in- 
travesical application of prostaglandin E, seems to be 
efficacious for postoperative urinary retention.** Since 
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most of these studies were uncontrolled, we compared 
in a randomized double-blind fashion the effect of 
prostaglandin E, in different dosages with placebo 
when administered intravesically. The aim of this study 
was to get a clear and objective answer regarding the 
clinical value of prostaglandin E, for the treatment of 
postoperative urinary retention. Nevertheless we were 
also interested in the characteristics of lower urinary 
tract function after prostaglandin E, application, and 
therefore urodynamic assessments were made before 
and after each treatment. 


Material and methods 


The criteria for selection of patients were complete 
urinary retention or partial retention with residual 
urine of >100 ml on postoperative day 5 after anterior 
colporrhaphy as primary treatment of urinary stress 
incontinence with or without hysterectomy. All patients. 
were tested preoperatively for proof of urinary stress 
incontinence as follows: After filling the voided bladder 
until imperative urgency was present, the patient was 
asked to cough in supine and standing position. The 
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Table I. Maximum bladder capacity {volume at imperative urgency) before and after treatment | 
(ml, mean + £ SD)* 





Placebo 


363.3 + 94.8 
0.75 mg prostaglandin E, 310.0 + 50.6 
1.5 mg prostaglandin E, 311.7 + 100:7 
2.25 mg prostaglandin Es 290.0 + 107.3 


l After first 
Pretherapeutic administration 





After second 
administration 


366.7 + 107.5 > > 368.3 + 53.4 
335.0 + 48.9 331.7 + 46.7 
343.3 + 94.4 339.0 £ 93.9 
243.3 2 27.3 268.3 + 47.9 





* Analysis of variance comparing the four groups: F = 2.4216 (NS). Analysis of variance comparing pretherapeutic and post- 
ierapeune values: F = 0.1025 (NS). Analysis of variance ou the interes pendency of both variables: F = 0.6495 (NS). 


result of this clinical incontinence test was evaluated as 
positive if synchronous leakage occurred which could 
be stopped by digital paraurethral elevation. This test 
was positive in all cases of the study. If, however, there 
was any discrepancy between the patient’s history, the 
gynecologic examination, and the result of the clinical 
incontinence test, a urodynamic assessment (as de- 
scribed later) was done. No preoperative voiding dis- 


orders were found in the selected patients. Patients 


suffering from major cardiac, pulmonary, renal, or he- 
patic diseases or epilepsy were excluded from this 
study. Patients with micturition problems after other 
types of surgery for relief of incontinence or after rad- 
ical hysterectomy were also excluded from this study. 
Immediately after operation an indwelling catheter was 
inserted and left in place until postoperative day 3. A 


microscopic and bacteriologic examination was per- 


formed before the onset of the study in all cases. No 
additional medication for urinary retention was given 
before and during the treatment period. All patients 
were informed about the experimental nature of this 
study and gave their fully informed oral consent. 

Urodynamic assessment consisted of a cystometry 
and a urethral pressure profile measurement prior to 
the initiation of therapy and after each administration 
of the drug. Uroflowmetry was carried out when the 
patient was able to micturate. Cystometry was per- 
formed in the supine position with the use of saline 
solution at room temperature as the filling medium 
with a filling rate of 50 ml/min. As a provocative test 
the patient was asked to cough after every 100 ml of 
instilled fluid. The volumes at which the first desire to 
void and at which imperative urgency was present were 
recorded, the latter one being defined as maximum 
bladder capacity. Subsequently the urethral pressure 
profile measurement was performed again in the su- 
pine position. A twin-transducer catheter (Gaeltec Ltd.) 
and a balloon-rectal-catheter were connected with uro- 
profilemeter (Wiest Company, Berlin, Germany) for 
simultaneous registration of intravesical, intraurethral, 
and intrarectal pressure. All pressure values were re- 
corded by a four-channel recorder and evaluated ac- 
cording to the usual criteria.* '° | 

On postoperative day six patients fulfilling the above- 


mentioned criteria were given placebo or 0.75 mg, 1.5 
mg, or 2.25 mg of prostaglandin E, after pretreatment 
urodynamic asessment. Coded ampules according to a 
randomization list were dissolved in 40 ml of saline 
solution at body temperature and instilled into the cath- 
eterized bladder. Patients were asked to avoid mictu- 
rition until imperative urgency was present. If possible, 
the first micturition’ was recorded by uroflowmetry. 
Four to six hours after the intravesical administration 
a urodynamic assessment was carried out as described 


earlier. The ability to void spontaneously or a substan- 


tial reduction of residual urine after treatment was 
taken as a clinical criterion of success. Residual urine 
of >100 ml was always considered as therapeutic fail- 
ure. On the next day (postoperative day 7) the same 
procedure was repeated with the use of the same coded 
solution as on day 6. In cases of unsuccessful treatment 
patients received identical stimulating therapy, which 
consisted of cholinergic drugs, electrostimulation, and 
intermittent catheterization starting on postoperative 
day 8. The time intervals to the absence of residual 
urine were evaluated as additional clinical criteria of 
success. | 

The code of the double-blind study was not opened 
until the last case was completed. According to the pro- 
spective randomized protocol 10 patients received pla- 
cebo, six patients received 0.75 mg of prostaglandin E, 
6 received 1.5 mg, and six received 2.25 mg. The pa- 
tients’ ages and the clinical pretherapeutic findings in- 
cluding bacteriuria did not differ substantially among 
the four groups. Statistical analysis of the clinical and 
urodynamic data were done by means of the x? test and 
by multifactorial analysis of variance. 


Results 


Mean values of maximum bladder capacity were not 
significartly different in the four groups either before 
or after therapy (Table 1). When values before and after 
therapy were compared in each individual group only 
treatment with 2.25 mg of prostaglandin E, resulted 
in a moderate but not significant decrease of maxi- 
mum bladder capacity. Similar ‘results were found 


when mean bladder compliance determined by filling 


cystometry were compared (Table II): Patients treated 
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Table II. Bladder compliance (ml/cm water, mean + SD)* 


Pretherapeutic administration administration 
Placebo 53.7 + 30.1 44.5 + 27.6 43.8 + 24.5 
0.75 mg prostaglandin Es 46.7 + 26.9 40.8 + 22.7 37.5 + 16.4 
1.5 mg prostaglandin Es 43.7 + 32.3 67.0 = 33.9 49.7 + 31.6 
2.25 mg prostaglandin Es 50.0 + 31.3 42.8 + 28.9 32.6 + 15.2 


* Analysis of variance comparing the four groups: F = 0.2908 (NS). Analysis of variance comparing pretherapeutic and post- 
therapeutic values: F = 1.0549 (NS). Analysis of variance examining the interdependency of both variables: F = 1.1609 (NS). 


Table III. Maximum urethral closure pressure (cm water, mean + SD) with patient at rest in 


supine position*® 


After first 
Pretherapeutic administration 


Placebo 61.3 + 21.3 
0.75 mg prostaglandin E, 62.7 + 16.3 
1.5 mg prostaglandin E, 56.0 + 9.7 

2.25 mg prostaglandin Ep» 56.3 + 36.1 


After second 
administration 
63.7 + 18.7 70.0 + 16.1 
57.8 + 21.6 65.0 + 19.1 
61.3 + 13.8 63.7 + 23.7 
50.3 + 28.1 43.0 + 29.1 


* Analysis of variance comparing the four groups: F = 0.6132 (NS). Analysis of variance comparing pretherapeutic and post- 
therapeutic values: F = 0.2413 (NS). Analysis of variance examining the interdependency of both variables: F = 1.5496 (NS). 


Table IV. Residual urine, including amounts of 0 ml (ml, mean + SD)* 


After first 
Pretherapeutic administration 


Placebo: 331.7 + 85.4 
0.75 mg prostaglandin E; 275.0 + 90.5 
1.5 mg prostaglandin E, 263.3 + 158.1 
2.25 mg prostaglandin Ey 229.2 + 78.5 


After second 

administration 
222.5 + 163.5 195.0 + 187.2 
280.0 + 99.0 160.0 + 144.] 
203.3 + 158.5 180.0 + 243.6 
225.0 + 123:2 136.7 + 80.4 


*Analysis of variance comparing the four groups: F = 0.2370 (NS). Analysis of variance comparing pretherapeutic and 
posttherapeutic values: F = 6.2871 (p < 0.01). Analysis of variance examining the interdependency of both variables: F = 


0.4742 (NS). 


with the highest dose of prostaglandin E, demonstrated 
a marked decrease of bladder compliance, whereas 
changes were less consistent in the other groups. How- 
ever, compliance values <20 ml/mbar, which are usu- 
ally considered as abnormal indicating a hypertonic de- 
trusor muscle or loss of bladder wall elasticity,'! were 
found in only four of the total of 28 patients. Surpris- 
ingly, of these four patients each received a different 
amount of prostaglandin E», 0.75 mg, 1.5 mg, or 2.25 
mg, or placebo. Therefore the decrease of bladder com- 
pliance observed after therapy seems to be of minor 
importance in regard to efficacy of prostaglandin E, 
treatment. Overactive detrusor function (unstable de- 
trusor), defined as rapid increase of intravesical pres- 
sure with an amplitude of >15 cm of water controlled 
by simultaneous registration of intrarectal pressure, 
was a rare finding. Only two patients demonstrated 
such an abnormality, one after the first administration 
of 1.5 mg of prostaglandin E, and another after the 
second administration of 2.25 mg of prostaglandin Ep. 


The results of maximum urethral closure pressure 
measurement in the supine position with the patient at 
rest are shown in Table III. Although at first sight these 
values seem high, one must take into account that these 
measurements were performed only 6 and 7 days after 
operation with paraurethral edema and infiltration 
probably present in some instances. This may also ex- 
plain the great variability of the results. Whereas pa- 
tients treated with placebo or 0.75 mg or 1.5 mg of 
prostaglandin E, showed a slight increase of urethral 
closure pressure, a clear decrease of these values could 
be observed in the high-dose group. These changes 
were, however, not statistically significant. Because of 
the frequent complete urinary retention, uroflowmetry 
was performed only in a small group of all patients. 
The applied therapy had no influence on maximal flow _ 
rate, which never exceeded 20 ml/sec. 

Patients treated with 2.25 mg of prostaglandin E, 
complained about imperative urgency earlier than the 
other groups, but again these differences were not sta- 
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Table V. Effective bladder capacity, i.e., bladder capacity minus residual urine (ml, mean + SD)* 





Placebo 31.7 = 50.7 
0.75 mg prostaglandin E; 35.0 + 56.5 
1.5 mg prostaglandin E; 53.3 + 82.6 
2.25 mg prostaglandin E; 61.7 += 72.2 


l After first 
Pretherapeutzc administration 





After second 
administration 


144.2 + 181.7 190.0 + 212.8 
60.0 + 80.0 171.7 + 136.1 

140.0 + 147.4 171.7 + 146.1 
55.0 + 89.4 | 


136.7 + 91.8 





* Analysis of variance comparing the four groups: F = 0.2480 (NS). Analysis of variance comparing pretherapeutic and post- 


(NS). 


Table VI. Clinical results of treatment* 


` After first administration} . 
8 . 


Placebo ia 
0.75 mg prostaglandin FE, 5 l 
1.5 mg prostaglandin E; 4 2 
2.25 mg prostaglandin E, 5 5 ol 


30 ml. 
+x? = 3.1055 (NS). 
ty’ = 5.0620 (NS). 


Table VII. Rate of complete urinary retention 






'  Pretherapeutic* 
Placebo | 6/10 
0.75 mg prostaglandin Eg . EE i: 
1.5 mg prostaglandin Es l 2/6 
2.25 mg prostaglandin E, 2/6 
*\? = 1.5986 (NS). i 
tx? = 2.1462 (NS). 


ty? = 5.1333 (NS). 


Table VIII. First postoperative day without 
residual urine” 


Placebo 12.7 + 6.0 
0.75 mg prostaglandin E; ILO Æ+ 3.2 
1.5 mg prostaglandin E, 10.0 + 2.8 
2.25 mg prostaglandin E; 13 207 


*Analysis of variance comparing the four groups: 
F = 0.5257 (NS). l 


tistically significant. Discomfort like pain in the pelvis 
or bladder spasms were found in all groups, even in 
the placebo group. After the second administration half 
of the patients treated with the high dosage of pros- 

taglandin E, complained about the described symp- 


therapeutic values: F = 11.8338 (p < 0.01). Analysis of variance examining the interdependency of both variables: F = 0.7325 


After second administrationt 


7 2 


Oooo 
Go NO RD ee 


3 l 
2 2 
5 l 


*No change, residual urine of >100 ml; improved, residual urine between 30 and 100 ml; success, residual urine of less than 






After first After second . 
administration administrationt 


5/10 5/10 

3/6 2/6 
2/6 1/6 

1/6 0/6 


toms. Diarrhea was considered to be a possible side 
effect of prostaglandin therapy. This symptom was ob- 
served in only one patient, who after decoding was 
identified as having been treated with placebo. 

Amounts of residual urine decreased (Table IV) and 
effective bladder capacity increased (Table V) during 
the treatment period. Both changes were statistically 
significant (p < 0.01) but uninfluenced by the type of 
therapy. l 

No significant correlation between the type of ther- 
apy and the prospectively defined parameters of suc- 
cess could be observed (Table VI). Although no com- 
plete urinary retention was present after the second 
administration of 2.25 mg of prostaglandin E,, a similar 
decrease of the incidence of retention was also observed 
in the other treatment groups (Table VII). No long- 
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term effect of therapy could be detected, since there 
was no significant difference in the time interval 
from operation to first day without residual urine (Ta- 
ble VIII). : 


Comment 


In previous experimental studies a stimulating effect 
of prostaglandins on detrusor activity could be dem- 
onstrated not only in animal experiments’? ” but also 
in the isolated human bladder."* In contrast to pros- 
taglandin F,,, which contracts all muscles of the lower 
urinary tract, prostaglandin E, has been shown to relax 
urethral smooth muscle.”® Therefore this substance was 
considered a promising drug for treatment of urinary 
retention.’ Indeed preliminary reports on local ad- 
ministration of prostaglandin E, were very enthusias- 
tic>” '? or at least confirmatory.’ More recently, how- 
ever, growing concern about the usefulness of this type 
of therapy has emerged."* ° 

In an attempt to get clear and objective results we 
performed our study in a prospective randomized dou- 
ble-blind fashion (coding of the ampoules was per- 
formed by the Upjohn Company, Crawley GB). Since 
spontaneous remission of altered micturition becomes 


more frequent with increasing postoperative interval, . 


we chose postoperative day 6 for the onset of treatment. 
The doses 0.75 and 1.5 mg of prostaglandin E, were 
similar to those in most previous uncontrolled trials.’ 
In addition, we included. a group with the slightly 
higher dose of 2.25 mg of prostaglandin E,. This latter 
dose led to a moderate decrease of maximum bladder 
capacity, bladder compliance, and. urethral closure 
pressure, Half of these patients, however, complained 
about discomfort after prostaglandin instillation. The 
lack of any demonstrable overactive detrusor function 
(unstable detrusor) with the exception of two cases, 
which is in contrast to previous reports, may be due 
to the fact that in this study cystometry was performed 
only 4 to 6 hours after administration of the drug. 
Surprisingly, the clear though not significant uro- 


dynamic changes did not correlate at all with the clinical. 


results: In all four groups a moderate decrease of re- 
sidual. urine and an increase of effective bladder ca- 
pacity. as well as an increase of the incidence of complete 
voiding could be observed after treatment. The rate of 
success in the placebo group points to the high inci- 
dence of spontaneous remission of altered micturition 
after vaginal repair and possibly to the importance of 
psychogenic factors in this complication. 

The contrast between the clear urodynamic changes 
and the absence of'a similar therapeutic response may 
be due to the short effect of intravesically administered 
prostaglandin E». In addition it has to be borne in mind 
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that difficulties in micturition after vaginal repair may 
be caused by an inhomogeneous etiology. In summary, 
we cannot confirm the positive results of previous pre- 
liminary: studies** "” and therefore seriously question 
the clinical value of this type of therapy. 
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C-reactive protein in pregnancy and in the postpartum period 


Y. Romem, M.D., and R. Artal, M.D. - 
Los Angeles, California 


Serum C-reactive protein levels were measured by means of the nephelometric immunoassay technique in 


_ -215 pregnant women at various gestational ages. The results indicate a positive correlation of serum C- 


reactive protein levels with gestational age. In addition, we studied serum C-reactive protein concentrations 
in 37 pregnant women in labor and during the postpartum per od. Delivery was accomplished by either 
the vaginal or abdominal route and was associated with significant C- reactive protein proguctign; (AM J 


OBSTET GYNECOL 1985;151:380-3.) 


Key words: C-reactive protein, pregnancy 


The introduction of a new, sensitive method,’ the 
nephelometric i inimunoassay, for the determination of 
C-reactive protein has spurred new interest in this ac- 
tive-phase protein. C-reactive protein is produced in 
the liver? and is ‘present in normal individuals at con- 
centrations ranging from 0.3 to 0.8 mg/dl.' C-reactive 
protein rises significantly following injury and inflam- 
mation. Because of this latter association, it was 
thought that it could aid in the management of patients 
with-preterm premature rupture of the membranes." 

There are conflicting reports as to the changes in C- 
reactive protein levels during pregnancy,**-and no 
quantitativé determinations have been conducted in 
the postpartum period. The fact that theré are no es- 
tablished normal C-reactive protein levels in preg: 
nancy ‘and the postpartum period can be the reason 
for the contradictory opinions about the usefulness 
of C-reactive protein determinations as a predictor 
of inféction in patients with premate rupture of 
membranes.* * 1 

The purpose of this study was to establish the normal 
valuės of C-reactive protein in a normal population 
Gi pregnancy and the postpartum period. _ 


' Material and methods 


Two hundred fifty-two patients were studied at var- 
ious gestational ages calculated from the last menstrual 
period and confirmed either by physical examination 
and/or follow-up by ultrasound examination. ` 

A group of 215 patients not in labor and selected:at 
random were sampled at various gestational ages from 
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8 to 42 weeks. Sampling for serum C-reactive protein 
was conducted during routine. follow-up visits to the 
antenatal care clinic. At the time of sampling all the 
patients were healthy and had uncomplicated preg- 
nancies and normal physical examination. 

A second group of patients (N = 26) was selected at 
random when they entered the labor ward of Los An- 
geles County/USC Medical Center’s Women’s Hospital 
in labor; they had normal spontaneous vagna deliv- 
eries and uneventful puerperiums. 

- A third study group selected at random included 
seven patients who had elective cesarean sections and 
four patients who underwent emergency cesarean sec- 
tion, the latter done at an early state of labor because 
of fetal distress. All of the cesarean section patients were 
administered prophylactic antibiotics for 24 hours fol- 
lowing the procedure. All parturients were followed . 
daily by body temperature, white blood cell count, and 
differential counts. The characteristics of the study 
groups are summarized in Table I. 

Measurements of serum C-reactive protein levels 
were performed by a nephelometric immunoassay with 
the Beckman’s immunochemistry analyzer, with use of 
monospecific goat C-réactive protein antiserum and C- 
reactive protein control serum (supplied by Beckman 
Instruments Inc., Fullerton, CA). The sensitivity of the 
assay is 0.2 9 mg/dl. The within-assay and between-assay 
coefficient of variation was 2.6 and 7.4, respectively. 
The data were plotted and statistical differences were 
tested with a linear regression analysis or calculated by 
means of a Student’s t test, Wilcoxon sign rank test, 
and rank sum test as appropriate. Bonferroni proce- 
dure was applied to account for the multiple testing 
(Figs. 2-4). 


- Results 

The results are illustrated in Figs. 1 to 4. Fig. 1 shows 
serum C-reactive protein levels at various gestational 
ages. A linear regression analysis indicates a positive 
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C-REACTIVE PROTEIN (mg/dl) 





O 4 8 12 16 20 24 28 32 36 40 
GESTATIONAL AGE (weeks) 


Fig. 1. C-reactive protein levels throughout pregnancy. The 
solid line represents the predicted mean value: of C-reactive 
protein for a given gestational age. The broken line represents 
the 95% confidence limit on the predicted individual C-re- 
active protein value fora enn gestational age. 


Table I. Characteristics of the study groups 
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Fig. 2. C-reactive protein levels at delivery and during post- 
partum: period. 


Gestational 
age (wk) 


Pregnancy 215 23.4 + 4.8 SENi 8-42 

Normal spontaneous 26 23.4 + 4.8 1.0 + 1.0 40.3 + 1.6 
vaginal delivery - 

Gesarean section ll 30.7 + 5.5 2.9: £32 39.3 + 2.4 


correlation that is statistically significant at p < 0.05 for 
these two variables (r = 0.21). ` 
Delivery, either by vaginal or abdominal route, was 
associated with significant C-reactive protein produc- 
tion. The mean C-reactive protein value for the vaginal 
deliveries rose from 1.19 mg/dl to 5.98 mg/dl 24 hours 
later and declined to 2.51 mg/dl 48 hours after delivery. 
The changes after cesarean section delivery were even 
greater, with elevations from 0.78 mg/dl to 14.92 mg/ 
di at 48 hours, declining to 11.25 mg/dl at 72 hours 
post partum (Fig. 2). The changes in the other moni- 
tored parameters are illustrated in Figs: 3 and 4. The 
peak levels of white blood cell counts and bands precede 
those of C- reactive protein by 12 to 24 hours in the 
groups of patients delivered either vaginally or abdom- 
inally. 
=- The minimal decrease in the postpartum hematocrit 
level had a marginal effect on the serum C-reactive 
protein levels. There was no significant change in body 
temperature during the study period. 


Comment 
Normal values for C-reactive protein in pregnancy 


have not yet been established. The majority of previous 
reports are based on the semiquantitative latex agglu- 


tination or similar techniques,** and demonstrate an 
increased presence of C-reactive protein with progress 
in gestation. In disagreement with these reports, Con- 
nell and Connell’ observed no change and Yeh? re- 
ported finding declining values throughout pregnancy. 

Only Hawrylyshyn et al.” report normal values ob- 
tained by the nephelometric technique. Contrary to our 

findings, in their study, C-reactive protein levels did 
not correlate with gestational age. This discrepancy 
could be attributed to the fact that in their study the 
control group was too small (n = 74) to reach statistical 
significance. Although in our study the linear corre- 
lation is significant (p < 0.05), the low r-value (0.21) 
implicates only 4% (r2) of the variability that can be 
related to the gestational age. 

- Indirect confirmation of our findings comes from the 
study of Evans et al.* In their study the cut-off point 
for the upper normal levels of C-reactive protein was 
2 mg/dl. This is in agreement with our data for 95% 
confidence limit on predicted individual value for C- 
reactive protein, 1.81 to 1.91 mg/dl, at 26 to 36 weeks’ 
gestational age (Fig. 1), which for practical purposes is 
the same as the data of Evans et al: 

The cause for the rising concentration of C- reactive 
protein during pregnancy is not yet known. Two pos- 
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Fig. 3. C-reactive protein (CRP), white blood cell count (WBC), 
band cell count, and hematocrit (HTC) levels at delivery and 
post partum in patients with normal spontaneous vaginal de- 
livery. 


sible explanations can be derived from the literature. 
The prevailing explanation for elevated C-reactive pro- 
tein concentration is that it is a response to an inflam- 
matory/necrotic process. We can speculate that the pla- 
centa in going through the process of aging, as well as 
possible microscopic lesions of varying degrees, could 
also stimulate production of C reactive protein. If that 
is the case, the expected rising levels should be much 
higher than the ones actually found. C-reactive protein 
is the most sensitive among the acute-phase proteins; 
increasing O in association with inflam- 
mation and/or necrosis.’ 

A much more plausible explanation is suggested by 
the.studies.of Connell and Connell’ and Schumacher.” 
These studies found an increased incidence in detec- 
tion of C-reactive protein in women using contraceptive 
pills that contain estrogens and progestogens, as com- 
pared to the control group. It is probable. that: C-re- 
active protein. reflects rising estrogen levels and, to a 
lesser degree, progestational agents. 

Independent of the rise during pregnancy, Daci 
levels observed after cesarean sections could be attrib- 
- uted-to cellular injury. Such changes have been re- 
ported. to occur following abdominal surgical. proce- 
dures. The same mechanism of C-reactive protein 
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Fig. 4. C-reactive protein ( CRP), white blood cell count (WBC), 
band cell count, and hematocrit (HTC) levels at delivery and 
post partum in patients with delivery by cesarean section. 


production may follow the normal spontaneous vaginal 
delivery. Furthermore, the difference between abdom- 
inal and vaginal delivery in C-reactive protein surge 
can be attributed to various degrees of tissue injury. In 
a ‘study bv Schumacher”? similar quantitative differ- 
ences of serum C-reactive protein levels were related 
to the degree of tissue traumatization during abdam- 
inal hysterectomy compared to that during vaginal re- 
ae | | l 

Another possible link to elevated C-reactive protein 
could be the rise in prostaglandins during labor.”* In 
animal and human studies, prostaglandins were re- 
ported to stimulate an increase in acute-phase serum 
proteins.'® 7° 

Our data demonstrate a consistent postpartum surge 
in C-reactive protein, similar to that described by Fisher 
et al.’ Recognizing such constant: patterns is of diag- 
nostic aid when trying to determine the significance of 
any further increases, e.g., infection. 

The physiologic changes that occur in labor and 


puerperium could interfere in the diagnostic process, 


in which we normally observe an increase in white blood 
cell count, band count, or erythrocyte sedimentation 
rate. Two C-reactive protein determinations, obtained 
at 24 and 48 hours post partum or 48 and 72 hours 
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after abdominal delivery, can be useful in diagnosing 
developing infeczion. 


We thank Barbara Davis for her excellent technical 
assistance. 
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Transient ventricular dysfunction associated with cesarean 
section in a patient with hyperthyroidism 


Steven L. Clark, M.D., Jeffrey P. Phelan, M.D., Martin Montoro, M.D., and 


Jorge Mestman, M.D. 
Los Angeles, California 


Pulmonary artery catheterization was performed prior to surgery in a severely hyperthyroid patient 
undergoing cesarean section. A transient but significant decline in left ventricular performance was observed 
in conjunction with the stress of operation. A parallel is suggested between this phenomenon and the 
documented exercise-induced reduction of left ventricular function in nonpregnant hyperthyroid patients. 


(AM J OBSTET GYNECOL 1985;151:384-6.) 


Key words: Pregnancy, heart, ventricular dysfunction, hyperthyroidism 


Cardiac function is generally enhanced in the pres- 
ence of hyperthyroidism. Recent noninvasive studies, 
however, have suggested the occurrence of a transient, 
exercise-induced depression of myocardial perfor- 
mance in the presence of thyrotoxicosis. The present 
case provides additional evidence of this phenomenon 
derived from invasive cardiovascular studies and sug- 
gests management considerations in patients with un- 
controlled hyperthyroidism who undergo operative de- 
livery. 


Case report 


A. A., a 21-year-old primigravid woman, was admit- 
ted to Women’s Hospital in preterm labor. In addition 
to uterine contractions, she complained of fatigue, pal- 
pitations, and heat intolerance of several weeks’ du- 
ration. There was no history of cardiac disease. 

The pulse was 120 bpm; blood pressure, 110/70 mg 
Hg; and oral temperature, 98.0° F. Physical examina- 
tion revealed signs of hyperthyroidism. Mental status 
was normal. Cardiac auscultation was unremarkable, 
and there was no evidence of cardiac or pulmonary 
disease. 

Initial thyroid function tests were: triiodothyronine 
uptake, 1.14 g/dl (normal, 0.88 to 1.19 g/dl); thy- 
roxine, 26.1 g/dl (normal, 4.5 to 13.2 pwg/dl); free 
thyroxine index, 29.8 g/dl (normal, 4.5 to 13.2 ug/ 
d]), triiodothyronine, 454 ng/dl (normal, 70 to 275 
g/dl); and free triiodothyronine index, 518 g/dl 
(normal, 70 to 275 ywg/dl). Real-time ultrasound re- 
vealed a single fetus in the breech position with mea- 
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Fig. 1. Left ventricular function in a patient with thyrotoxi- 
cosis. 1, Before operation; 2, % hour after operation; 7, 1% 
hour after operation; 4, 24 hours after operation. Curve mod- 
ified from: Ross J Jr, Braunwald E. The study of left ventric- 
ular function in man by increasing resistance to ventricular 
ejection with angiotensin. Circulation 1964;29:739. 


surements consistent with a 28-week gestation. Regular 
uterine contractions were noted on the external toco- 
dynamometer and the fetal heart rate was 168 bpm. 
On the basis of clinical findings, the diagnosis of hy- 
perthyroidism was made and the patient was begun on 
a regimen of propylthiouracil and propranolol, 20 mg 
orally every 6 hours. Magnesium sulfate tocolysis was 
initially successful. Thirty-six hours after admission the 
patient again began to experience regular uterine con- 
tractions and an elevation of temperature to 102° F. 
The uterus was moderately tender to palpation and the 
fetal heart rate was 176 bpm. Amniocentesis revealed 
5 to 10 white blood cells per high-power field with 
numerous motile bacilli. The diagnosis was a 28-week 
intrauterine pregnancy with breech presentation, am- 
nionitis, and hyperthyroidism. 
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Table I. Hemodynamic indices in a patient with hyperthyroidism 


















































Mean Pulmonary Left 
pulmonary capillary Central ventricular 
Blood artery wedge venous Cardiac stroke work 
pressure pressure pressure pressure output index 
(mm Hg) (mm Hg) (g°m-*m-*)* 
l 150/70 110 23 8 6 9.0 66 
2 170/70 140 4] 18 6 4.2 23 
3 165/69 93 21 7 5 10.5 96 
4 149/80 102 21 6 4 7.7 75 


Time: 1 = Before operation; 2 = % hour after operation; 3 = 1% hour after operation; 4 = 24 hours after operation. Normal 
mean pulmonary artery pressure, 10 to 17 mm Hg; normal pulmonary capillary wedge pressure, 5 to 12 mm Hg; normal central 
venous pressure, 5 to 12 mm Hg; normal cardiac output, 5 to 6 L/min. 


*Based on body surface area of 1.5 m’. 


In anticipation of cesarean section, a flow-directed 
pulmonary artery catheter and an arterial line were 
placed, and the patient received 1 gm of sodium iodide 
intravenously. Initial hemodynamic measurements are 
detailed in Table I. A chest x-ray film obtained just 
before operation showed no evidence of pulmonary 
edema. A low vertical cesarean section was performed 
with the patient under general anesthesia with the use 
of a balanced nitrous oxide/oxygen technique. A 1310 
gm infant was delivered with Apgar scores of 2 and 7. 
During operation the patient received 750 ml of lac- 
tated Ringer’s solution. Estimated blood loss was 500 
ml. During operation, the pulmonary artery pressure 
rose to a maximum of 44/15 mm Hg. One half hour 
after the operation the patient appeared agitated and 
diaphoretic. Temperature was 98.8° F. Bibasilar rates 
were apparent on chest auscultation. Physical exami- 
nation and hemodynamic indices (Table I) were con- 
sistent with congestive heart failure. She received 
propranolol, 0.5 mg by slow intravenous push during 
3 minutes, and furosemide, 20 mg intravenously. The 
patient responded in the course of the next hour with 
a diuresis of 1000 ml, a fall in pulmonary capillary 
wedge pressure, and an increase in cardiac output. The 
patient remained stable and the pulmonary artery cath- 
eter was removed 24 hours later, with final readings as 
detailed in Table I. Calculated left ventricular stroke 
work indices are plotted against wedge pressure in 
Fig. 1. 


Comment 


In patients with thyrotoxicosis, the stress of acute 
infection or operation may precipitate clinical deteri- 
oration, including, in extreme cases, thyroid storm. 
Such patients are extremely poor operative risks be- 
cause the stress of operation itself may further aggra- 
vate an already unstable clinical condition. 

Hyperdynamic circulation and enhanced myocardial 
performance in hyperthyroid patients are well docu- 
mented. However, numerous studies have demon- 
strated the development of cardiac hypertrophy and 
congestive heart failure in animals with prolonged ex- 
perimental hyperthyroidism, as well as the develop- 


ment of papillary muscle dysfunction and mitral re- 
gurgitation in humans.’ 

Recent studies by means of radionuclide ventricu- 
lography have demonstrated an exercise-induced re- 
duction in left ventricular ejection fraction in hyper- 
thyroid patients.” Pretreatment with propranolol did 
not influence the exercise-induced reduction in left 
ventricular ejection fraction, thus suggesting a revers- 
ible catecholamine-independent cardiomyopathy. We 
provide here further direct evidence of a reversible 
decline in left ventricular performance associated with 
the acute stress of operation in a patient with thyro- 
toxicosis. Examination of Fig. 1 reveals the left ven- 
tricular stroke work index to be in the hyperdynamic 
range before operation. In the intraoperative and im- 
mediate postoperative periods the patient experienced 
a transient but dramatic decline in left ventricular per- 
formance that resolved during the next hour. A striking 
parallel is suggested between this patient, who also re- 
ceived pretreatment with propranolol, and the afore- 
mentioned patients with transient exercise-induced re- 
duction in left ventricular ejection fraction. A similar 
peripartum decline in left ventricular performance as- 
sociated with a high-output state has been noted in 
patients with severe preeclampsia. 

The use of a B-blocking agent in a patient with left 
ventricular failure is, in general, contraindicated. In 
this case, however, the patient’s clinical condition, in- 
cluding an abrupt rise in systolic pressure and pulse, 
suggested impending thyroid storm. Because of the 
serious consequences of thyroid storm and in view of 
the patient’s hyperdynamic presurgical myocardial per- 
formance, it was elected to cautiously administer a small 
dose of propranolol. 

The deleterious fetal effects of untreated hyperthy- 
roidism in pregnancy are well recognized. This case 
illustrates the potential for major short-term intrapar- 
tum maternal morbidity, even in thyrotoxic patients 
who are not experiencing thyroid storm, and empha- 
sizes the need for prompt recognition and treatment 
of hyperthyroidism in pregnancy. In normal pregnant 
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patients, cardiac output increases up to’ 65% in the im- 
mediate postpartum period because of an “autotrans- 
fusion” associated with removal of the products of con- 
ception and contraction of the uterus. For patients with 
conditions causing relatively fixed cardiac output (for 
instance, mitral stenosis), the limited ability to accom- 
modate this relatively increased intravascular volume 
is well known. Patients with a stress-induced depression 
of left ventricular performance associated with hyper- 
thyroidism may, in a similar manner, be unable to ac- 
commodate this relative increase in volume and may 
develop pulmonary edema. 


r 
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The clinician should be alert to this unusual but po- 
tentially serious problem when dealing with any thy- 
rotoxic patient subjected to operation..For such patients 
intensive monitoring of left heart function and careful 
fluid restriction would seem indicated. 
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Prostaglandin production and stimulation by angiotensin I in 
the isolated perfused human placental cotyledon 


D. G. Glance, B.Sc., M. G. Elder, M.D., and L. Myatt, Ph.D. 


London, England 


Levels of prostaglandins E and Fa, thromboxane B,, and 6- -oxo-prostaglandin F,, were measured by 
radioimmunoassay in the maternal and fetal effluents of isolated human placental cotyledons perfused 

in vitro. All prostaglandins measured were released in greater amounts by the maternal side than by the 
fetal side of the perfused cotyledon although there were’no consistent concentration gradients between the 
two sides. The approximate rank order of prostaglandin release into the maternal side was thromboxane 
B, > prostaglandin F,, = prostaglandin E = 6-oxo-prostaglandin Fia and that into the fetal side was 
thromboxane B; = prostaglandin Fz = prostaglandin E ~'6-oxo-prostaglandin F,,. Injection of angiotensin 
il (0.5 ug) into tre fetal circulation stimulated prostaglandin E and 6-oxo-prostaglandin F,, but not 
thromboxane B, and prostaglandin Fa release into the fetal circulation and had no effect on maternal 
release. Angiotensin II (0.5 wg). had no effect on either side of the perfused cotyledon when injected 

into the maternal circulation. It is proposed that prostaglandin release into both maternal and fetal circulations 
may be flow-dependent and that the angiotensin ll-stimulated release of prostaglandin E and 6-oxo- 
prostagiandin F, may serve to modulate the vasoactive actions of angiotensin jl on the fetal vasculature. 


(AM J OBSTET GYNECOL 1985; 151 :387-91.) 
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There has been much speculation concerning the ` 


role of prostaglandins released by the placenta. It has 
_ been suggested that prostaglandin E, (PGE,) may reg- 
ulate inequalities of maternofetal perfusion by acting 
as a vasoconstrictor of the fetal-placental vessels and as 
a vasodilator of the uterine vasculature.’ Prostacyclin 
(PGI,) of placental origin may contribute to the elevated 
plasma PGI, levels and the refractoriness to angioten- 
sion II (AII) found in pregnancy.? It may also safeguard 
maternal blood supply to the placenta by preventing 
platelet aggregation although this process may also be 
influenced’ by placental thromboxane A, (TxA,) syn- 
thesis since TxA, is a potent platelet aggregator. 
Prostaglandin production by the fetal-placental vas- 


culature could be involved in controlling blood flow - 


through these vessels since it has been shown that pros- 
taglandin Fa. (PGF,,) and PGE, contract the fetal vessels 
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of the placenta whereas PGI, relaxes them.’ Release of 
prostaglandins into the fetal circulation may also give 
rise to systemic effects within the fetus contributing to 
the low vascular resistance of the fetal circulation’ and 
the patency of the ductus arteriosus.* 

In pregnant rabbits, AII plays an important part in 
the maintenance of systemic blood pressure,® and the 
same may be the case in the human since plasma AJI 
levels correlate with diastolic blood pressure in preg- 
nant women.’ AII may play an important role in the 
maintenance of uterine blood flow which is seen to 
decrease when the conversion of angiotensin I (AD) to 
AII is blocked by captopril, an inhibitor of angiotensin- 
converting enzyme. Control of uterine blood flow may 
involve PGE, since AII increases the production of 
PGE, in the pregnant uterus®* although the exact site 
of production within the uteroplacental complex is un- 
clear. We have previously shown that components of 
the renin-angiotensin system act as very potent vaso- 
constrictors of the fetal-placental vasculature of the iso- 
lated perfused human placental cotyledon and it was 
proposed that, in vivo, the renin-angiotensin system 
may participate in the control of fetal-placental blood 
flow.° Prostaglandins may modulate the actions of this 
system in the fetal-placental vasculature. Meclofena- 
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mate, an inhibitor of prostaglandin synthesis, decreases 
the contractile response of fetal-placental vessels to AII, 
suggesting that pro ag andin normally potentiate the 
contractile response.’ To examine further the possible 
role of prostaglandins in the control of placental blood 
flows, we have studied the release of prostaglandin E 
(PGE), PGF,,, 6-oxo-prostaglandin F,, (6-oxo-PGF,,, 
the stable metabolite of PGI,), and thromboxane B, 
(TxB,, the stable metabolite of TxA,) from both sides 
of the isolated perfused human placental cotyledon 
preparation and looked.at the modification of this pro- 
duction by AII administered into either the fetal or the 
maternal circulation. 


Method 


Placentas from women with uncomplicated pregnan- 
cies were collected within 5 minutes of vaginal delivery 
or cesarean section at term. | 

Placental cotyledons, free of infarcts or tears, were 
perfused by a method which has been described in 
detail elsewhere. Briefly, this involved perfusing tissue 
culture medium 199 (Gibco) containing polyvinylpyr- 
rolidone (5% w/v) (Sigma Chemical Co.) through a can- 
nulated chorionic artery on the fetal surface of the 
placenta and collecting the effluent from the associated 
chorionic vein. Perfusion of the intervillous space was 
achieved by the insertion of two intravenous 21]-gauge 
butterfly needles through the maternal surface of the 
perfused cotyledon. The whole preparation was main- 
tained at 37° C in a controlled temperature cabinet. 
The flow rates of the fetal and maternal perfusates were 
maintained at 4 and 10 ml- min", respectively. The 
resulting perfusion pressures from both sides were be- 
tween 30 and 60 mm Hg. 

In a preliminary series of experiments (three pla- 
centas) fractions of fetal.and maternal effluent (1.5 ml) 
were collected at 20, 30, 40, 50, and 60 minutes after 
the establishment of the maternal circulation and im- 
mediately placed on ice at 4° C. Medium flowing 
through the perfusion tubing without the cotyledon in 
place was collected to serve as a blank. The samples 
were centrifuged (1700 x g) immediately after each 
experiment to remove any blood contamination and 
the supernatants (1 ml) stored at — 20°C for subsequent 
extraction and analysis of prostaglandins. The samples 
were extracted with the use of Sep-Pak Cs cartridges 
(Waters) prior to radioimmunoassay. This removed in- 
terference from polyvinylpyrrolidone which was evi- 
dent when direct radioimmunoassay of perfusates was 
used. The cartridges were first wetted with 20 ml of 
methanol/water. (4:1, v/v) and residual methanol re- 
moved by washing with deionized/distilled water (20 
ml). The perfusate sample (1 ml) was acidified to pH 
3.0 with formic acid, loaded on the cartridge, and 
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eluted with diethyl ether (10 ml), and the fractions were 
collected in two siliconized glass test tubes. The solvent 
was evaporated under nitrogen and the residue resus- 
pended in phosphate- -buffered saline (Dulbecco) (1 ml). 

The extracted samples were assayed for prostaglan- 
dins with radioimmurioassays developed in this labo- 
ratory for PGE,” PGF, 6-oxo-PGF,,,'! and TxB,. The 
TxB, antisera cross reacted <1% with 6-oxo-PGF,,, 
prostaglandin E,, PGE,,.PGF.,, prostaglandin A,, and 
arachidonic acid and <5% with prostaglandin D». 

The preliminary experiments revealed a large 
amount of variability in’ the results and that the levels 
of prostaglandins were sometimes very close to the level 
of detection of the assays. The experiments were re- 
peated (three placentas) with collection of larger frac- 
tions of the fetal and maternal effluents (5 mi on the 
fetal side and 15 ml on the maternal side). Samples 
were treated and extracted in the same way as before, 
except that 4 ml of the fetal perfusate and 10 ml of the 
maternal perfusate were extracted and resuspended in 
2 ml of phosphate-buffered saline, which would the- 
oretically concentrate the prostaglandins two and five 
times, respectively. The samples were assayed as before 
for PGE, PGF,,, 6-oxo-PGF,,, and TxB. - 

To assess the effect of AII on the production of pros- 
taglandins from the perfused cotyledon, control sam- 
ples (5-minute duration of flow) were collected from 
both sides of three placentas beginning 25 minutes after 
the establishment of maternal perfusion. All (Sigma 
Chemical Co., 0.5 pg in 0.5 ml of gassed perfusate) was 
injected into the maternal circulation and fetal effluent 
collected for a further 5 minutes. Further control sam- 
ples of mazernal and fetal effluent were taken (5 min- 
utes’ duration) 10 minutes after baseline perfusion 
pressures Lad been reestablished. A second dose of AI 
(0.5 pg in 0.5 ml) was then injected into the fetal cir- 
culation and fetal and maternal effluents collected for 


.5 minutes. All medium collected was treated and ex- 


tracted as described above. The residue was resus- 
pended in phosphate-buffered saline (2 ml) and as- 
sayed for PGF,,, PGE, 6-oxo-PGF,,, and TxBy. 

All results of prostaglandin assays were expressed as 
concentration of the prostaglandin per milliliter of me- 
dium after correction for any blank reading obtained. 
Using labeled prostaglandins, we found that recoveries 
for all prostaglandins were approximately equal (range, 
82% to 94%) and thus no corrections were made to the 
prostaglandin levels obtained after the extraction pro- 
cedure. As the PGE antisera could not distinguish PGE, 
and PGE,, results from this assay are taken to indicate 
total E series prostaglandin, expressed in this paper as 
PGE. 

Statistical significance was calculated by Student’s ¢ 
test. 
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Fig. 1. Prostaglandin release into fetal (#——m=) and maternal 
(#—) circulations of the isolated perfused human placen- 
tal cotyledon during 60 minutes of perfusion (results are 
mean + SEM of six experiments). 


Results 


None of the prostaglandins measured, apart from 
TxB,, showed any consistent trend in the amount re- 
leased from either side of the placenta during the 60 
minutes of perfusion (Fig. 1). TxB, release showed a 
steady decline on the maternal side which tended to 
parallel the gradual washout of blood from the inter- 
villous space. When the means of all values obtained at 
each time point throughout the course of perfusion 
were calculated, no statistical differences were found 
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Fig. 2. Mean prostaglandin release during 60 minutes of per- 
fusion into fetal (open. columns) and maternal (hatched columns) 
circulations of the isolated perfused human placental cotyle- 
don (results are mean + SEM of six experiments. Signifi- 
cant difference from fetal circulation: * = p< 0.01 and 
*# = p< 0.005). 
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Fig. 3. Mean prostaglandin concentration during 60 minutes 
of perfusion in fetal (open columns) and maternal (hatched col- 
umns) circulations of the isolated perfused human placental 
cotyledon (results are mean + SEM of six experiments). 


between the mean amounts of prostaglandin released 
in the preliminary experiments and the repeat exper- 
iments, and so the two sets of results were combined 
(Fig. 2). The amount of each prostaglandin released 
into the maternal circulation was significantly greater 
than the amount released into the fetal circulation 
(TxBy, p < 0.0005; PGF,,, p < 0.005; PGE, p < 0.01; 
and 6-oxo-PGF,,, p < 0.01). When the results were ex- 
pressed in terms of concentrations of prostaglandins 
per milliliter of perfusate (Fig. 3) no difference was 
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Fig..4. TxB, and PGF», release into fetal (open columns) and 
maternal (hatched columns) circulations before (FC and MC) and 
after injection of AII (0.5 yg) into the fetal (FA) and maternal 
(MA) circulations of the isolated perfused human placental 
cotyledon (results are mean + SEM of three experiments). 
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Fig. 5. PGE and 6-oxo-PGF,, release into the fetal ( open col- 


umns) and maternal (hatchéd columns) circulations before (FC 
and MC) and after injection of AII (0.5 wg) into the fetal 
(FA) and maternal (MA) circulations of the isolated perfused 
human placental cotyledon (results are mean +-SEM of 
three experiments. Significant difference from fetal control: 
** = p < 0.005). 


séen between the two: sides for any of the prosta- 
glandins. ; : 

The amounts of prostaglandins released into the 
maternal circulation had an approximate rank order 
of TxB, > PGF. = PGE = 6-oxo-PGF,,, and those re- 
leased into the fetal circulation had a rank order of 
TxB, = PGE = PGF,, = 6-oxo-PGF,,. After “injection 
of AII into the fetal circulation the rank orders of re- 
lease were TxB, = PGE > PGF,, = 6-oxo-PGF,, for 
the maternal side and PGE > TxB, = PGF., = 6-oxo- 
PGF,. for the fetal side. 

Injection of AII into either the aema or the fetal 
circulation did not alter TxB, or PGF., release on either 
side of the placenta (Fig. 4) when compared with the 
control preinjection levels (the control samples taken 
before injection of AII into the fetal and maternal sides 
showed no statistical differences and so they wére com- 
bined). However, injection of AII into the fetal circu- 
lation significantly increased the amount of PGE (p < 
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0.005) and '6-oxo-PGF,,. (p < 0.005) (Fig. 5) released 


into the fetal perfusate but did not significantly increase 
the release into the maternal perfusate. PGE and 6- 
oxo-PGF,, levels were not significantly affected by in- 
jection of AII into the maternal circulation of the pla- 
centa. The amounts of PGE and 6-oxo-PGF,, released 
into the fetal circulation by AII stimulation were found 
to be significantly greater (PGE, p < 0.01; 6-oxo-PGF,,, 
p < 0.01) than the average amounts released during 
the time-course experiments and so were not the result 
of variability of thé preparation. 

The increase in fetal perfusion pressure which re- 
sulted from the injection of AII into the fetal side was 
16 + 3 mm Hg, and when AII was injected into the 
maternal side the resulting increase in fetal perfusion 
pressure was 3 + 1 mm Hg. These pressure increments 
are In agreement with our previously reported data.’ 


Comment. 

The use of the isolated perfused human placental 
cotyledon preparation for the study of prostaglandin 
release offers many distinct advantages over conven- 
tional techniques such as tissue culture or superfusion 
of tissue and tissue slices, the main one being that pro- 
duction can be assessed from both sides of the placenta 
in a dynamic and more physiologic approximation of 
in vivo conditions. With this system it was found that 
there was a greater release of all prostaglandins mea- 
sured into the maternal circulation than into the fetal 


circulation (Fi ig. 2) although there were no consistent 


concentration gradiénts between the two sides (Fig. 3). 
One exception to this was that the concentration of 
TxB, in the maternal effluent was generally much. 
higher than its concentration in the fetal effluent but 
this changed with time. The release of TxB. on the 
maternal side tended to parallel the progressive wash- 
out of blood elements from the intervillous space, in- 
cluding platelets, which are known to produce large 
amounts of TxAg. Thus the high levels of TxB, found 
in the maternal effluent probably reflect platelet rather 
than placental production. 

Prostaglandins are highly lipid-soluble and so they 
would be expected to cross the placenta with relative 


ease. The amounts of prostaglandin released into either 


side of the placenta would thus reflect local tissue pro- 
duction and release directly into the perfusate and also 
the relative amounts béing transferred from one cir- 
culation into the other. This transfer would in turn 
depend on the concentration gradient and the flow 
rates on either-side of the placenta. As no consistent 
concentration gradients. were observed for the pros- 
taglandins across the placenta, the fact that significantly 
more prostaglandin was released into the maternal cir- 
culation than into the fetal circulation was probably due 
to the greater flow rate on the maternal side and sug- 
gests that in this preparation the release of prostaglan- ' 
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din into either side may be flow-dependent. If this is 
the case in vivo, one consequence of this would be that 
if the flow was reduced on the maternal side more 
prostaglandins would be released into the fetal circu- 
lation where thev could act to reduce blood flow and 
thus preserve the maternal-fetal perfusion ratio. In this 
context, it is interesting to note that in chronically cath- 
eterized sheep, embolization of the uterine vascular bed 
with microspheres produced parallel decreases in um- 
bilical blood fow. 

In this study, prostaglandin release showed a rank or- 
der (except for TxB, into the maternal circulation) of 
TxB, = PGE = PGF,, = 6-oxo-PGF,,. This compares 
with the results reported by Mitchell’ for super- 
fused placentas where the approximate rank order was 
TxB, = PGE > PGF, = 6-oxo-PGF,, and by Dembele- 
Duchesne et al." for placental homogenates where 
the order was TxB, ~ PGE, = 6-oxo-PGF,,. This con- 
trasted with the production of prostaglandins after in- 
cubation of the placental homogenates with endoper- 
oxide (PGH,) where PGE, was the predominant pros- 
taglandin preaduced."* Caution should be expressed 
when one is interpreting the relative importance of 
placental production of one prostaglandin over another 
as it can be seen that the relative amounts of prosta- 
glandin produced change with the preparation used. 
Also the expression of the relative rank order of pro- 
duction does not take into account the differences in 
the biologic activity of the various prostaglandins. 

In our preparation, the pattern of prostaglandin pro- 
duction changed after injection of AII into the fetal 
circulation, which stimulated PGE and 6-oxo-PGF,, but 
not TxB, and PGF,, release into the effluent. AI has 
been shown to stimulate PGE release from the pregnant 
uterus,® kidney,” and lung’® and thereby to modulate 
the pressor action of AI. PGI,, a potent vasodilator, 
may act in a similar manner since AH has been shown 
to stimulate PGI, release from fetal rabbit lungs.” Thus 
the release of PGI, (measured as 6-oxo-PGF,,) and PGE 
from the fetal vasculature in response to AII may serve 
as an important regulatory process maintaining the fe- 
tal-placental blood flow in the face of increased fetal 
peripheral resistance due to circulating AII. AII failed 
to stimulate prostaglandin release significantly into the 
maternal effluent, and this suggests that the release of 
prostaglandins into the two circulations may have cer- 
tain indeper.dent control mechanisms. The absence of 
maternal release of prostaglandins in response to stim- 
ulation by AII also suggests that the observed All-in- 
duced increase of PGE, release from the pregnant 
uterus of other animals may not be of placental origin. 

AII increases fetal perfusion pressure when injected 
into the maternal circulation. This response is probably 
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not mediated by any of the prostaglandins measured 
in this study since AlI had no effect on the amounts 
released into the fetal circulation when it was injected 
on the maternal side. 

Work is now in progress in this laboratory to examine 
the effects of endogenously produced and exogenously 
added prostaglandins with or without AI or AII on the 
fetal vasculature of this system. This work will expand 
on the interactions of prostaglandins and AI reported 
here. 
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B-Adrenergic receptors in human myometrium during 
pregnancy: Changes in the number of receptors after 


8-mimetic treatment 


Göran Berg, M.D., Rolf G. G. Andersson, Ph.D., and Gunnar Rydén, M.D. 


Linköping, Sweden 


The concentration of available B-adrenoceptors has been studied in the myometrium of women treated 
with terbutaline for premature uterine contractions and in an untreated control group. Myometrial strips were 
taken at cesarean section from the lower uterine segment and the uterine fundus, The concentration of 
B-adrenoceptors was determined with a radioligand binding assay. In untreated women we found no 
difference in the concentration of B-adrenoceptors in the uterine fundus compared to that in the lower 
uterine segment. The cyclic adenosine monaphosphate production after B-adrenoceptor agonist stimulation 
in vitro was equal in both locations. In the terbutaline-treated women, the binding site concentrations in 
both the fundus and lower uterine segment were lower compared to those in the control group. The 
decrease was most pronounced in the fundus where receptor concentration was only half that found in the 
control group. The results suggest that treatment with 8-mimetics causes a desensitization in the f- 
adrenoceptor system of human myometrium during pregnancy. This desensitization may partly explain the 
limited duration of the relaxant effect of B-mimetics often seen in the treatment of preterm labor. (AM J 


OBSTET GYNECOL 1985;151:392-6.) 


Key words: Preterm labor, B-adrenergic receptors, terbutaline, cyclic adenosine 


monophosphate 


The efficiency of B-adrenoceptor—stimulating drugs 
such as terbutaline in inhibiting premature uterine con- 
tractions for shorter periods is well documented."* The 
effect of this treatment in prolonging pregnancy for 
longer periods is, however, disputed.’ 

In previous in vitro studies on human myometrium 
during pregnancy we have found a direct correlation 
between increased cyclic -adenosine monophosphate 
production after 8-mimetic stimulation and smooth 
muscle relaxation.* The cyclic adenosine monophos- 
phate increase, however, was reduced after about 30 
minutes in spite of continuous active agonist stimula- 
tion. The decrease in cyclic adenosine monophosphate 
production was followed by a return of spontaneous 
contractions in the preparations tested. Thus these ex- 
periments showed a rapid f-adrenoceptor desensiti- 
zation in vitro. Myometrial biopsy specimens from 
women treated with terbutaline for at least 2 weeks and 
in whom labor could not be arrested showed a lower 
basal cyclic adenosine monophosphate content as well 
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as a lack in response to in vitro B-adrenoceptor stim- 
ulation when compared to untreated control subjects.° 
These results could partly be explained by the increased 
activity of the enzyme phosphodiesterase found in the 
myometrium of the terbutaline-treated women.’ 

In rat myometrium a reduction in the concentration 
of ®-adrenoceptors was found by Johansson and 
Andersson? after in vivo isoprenaline or terbutaline 
treatment. 

In the present study we have examined the B-adreno- 
ceptors in myometrium from pregnant women either 
untreated or treated with terbutaline during the last 
weeks of pregnancy because of premature uterine con- 
tractions. The women were delivered by cesarean sec- 
tion for obstetric reasons, myometrial biopsies were 
taken, and the concentration of B-adrenoceptors were 
determined with the radioligand technique described 
by Hayashida et al.’ 


Material and methods 


Myometrial biopsies from the lower uterine segment 
and uterine fundus were taken from women delivered 
by cesarean section for obstetric reasons. These speci- 
mens were dissected free of endometrium and serosa. 
The biopsies were taken before any oxytocic drug had 
been administered. One group of women (n = 8) had 
been treated with terbutaline. Untreated women 
(n = 11), delivered in the thirty-eighth to forty-third 
week of gestation, served as a control group. For more 
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Table I. Women treated with terbutaline before cesarean section 















Amount of 
Patient Duration of terbutaline 
No. treatment administered 
l 25 days 500 mg orally No 
2 50 days 750 mg orally Yes 
3 50 days 600 mg orally No 
4 60 days 900 mg orally No 
5 16 hr 5 mg intrave- Yes 
nously 
6 l hr 0.5 mg intra- Yes 
venously 
7 20 days 400 mg orally No 
8 20 days 300 mg orally No 
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Indication for cesarean 
section and gestational 


age 


Biopsy from 
Fo 





Yes Yes Disproportion/breech, 
38 wk 

Yes Yes Placenta previa, 36 wk 

Yes - No Disproportion, 38 wk 

Yes No Disproportion/twins, 

7 wk 

Yes No Disproportion, 35 wk 

Yes Yes Asphyxia, 40 wk 

Yes No Humanitarian, 37 wk 

Yes No Growth retardation, 


32 wk 





detailed information concerning the terbutaline- 
treated women, see Table I. 

The biopsies were kept in Ringer’s solution and ana- 
lyzed within 30 minutes of operation or stored at 
—70° C until later analysis. 

Determination of cyclic adenosine monophosphate 
content. The myometrial biopsies from the lower uter- 
ine segment and uterine fundus of the untreated 
women were stimulated with increasing concentrations 
(1.5 to 15 pmol/L) of terbutaline. The samples were 
then rapidly frozen in a mixture of freon plus solid 
carbon dioxide at — 70° C. The frozen samples were 
homogenized in 5% trichloroacetic acid and the nu- 
cleotides were separated on columns of AG-1-X8 (200 
to 400 mesh, formate form). After elution with formic 
acid the eluates were lyophilized and thereafter redis- 
solved in 50 mmol/L of sodium acetate, pH 4.5, before 
analysis. The analysis was performed essentially as de- 
scribed by Gilman.” 

Assay of tritium-labeled dihydroalprenolol binding 
to myometrial membrane preparations. The mem- 
brane preparations obtained from the untreated and 
terbutaline-treated women were assayed for tritium- 
labeled dihydroalprenolol binding according to Jo- 
hansson and Andersson. The membrane suspensions 
(300 to 500 mg of protein) were incubated with various 
concentrations of tritium-labeled dihydroalprenolol 
(0.5 to 12 nmol/L; specific activity, 90 to 120 Ci/mmol) 
in an incubation buffer (50 mmol/L of Tris hydrochlo- 
ride, pH 7.5; 10 mmol/L of magnesium hydrochloride) 
in the absence or presence of 30 pmol/L of propranolol 
in a total volume of 0.18 ml. After incubation for 30 
minutes at 37° C, the reaction was stopped by rapid 
dilution of the assay mixture with 3 ml of ice-cold in- 
cubation buffer. This was followed by rapid vacuum 
filtration through a Whatman glass microfiber filter 
(GF/C) with the use of a Millipore sampling manifold. 
The filters were then rapidly washed four times with 3 
mi of the ice-cold incubation buffer. After drying, ra- 


dioactivity bound to the filters was determined. Specific 
binding to B-adrenoceptors was defined as the differ- 
ence between the amount of radioactivity bound in the 
presence of tritium-labeled dihydroalprenolol and the 
nonspecific binding seen in the presence of tritium- 
labeled dihydroalprenolo! plus 30 mol/L of propran- 
olol. In our experiments the specific binding was about 
50%. 

The rank order of potency of agonists competing for 
tritium-labeled dihydroalprenolol binding sites was de- 
termined in the untreated group. Tritium-labeled di- 
hydroalprenolol was incubated with myometrial mem- 
branes in the presence of increasing concentrations of 
agonists or antagonists. Binding was expressed as a per- 
centage of specific binding in the absence of agonist or 
antagonist (Fig. 1). The inhibition constant (K,) was 
determined for the adrenergic agonists as described by 
Cheng and Prusoff.’ Protein- concentration was deter- 
mined according to Lowry et al.'° 

Statistical methods. All values are given as mean val- 
ues + SEM. In all experiments the results were statis- 
tically calculated with Student’s ¢ test on unpaired 
samples. 

This study was approved by the Ethical Committee 
of Linköping University, Linköping, Sweden. 


Results 


Cyclic adenosine monophosphate activity. The cy- 
clic adenosine monophosphate activity in myometrium 
from women previously untreated with B-adrenergic 
drugs during pregnancy is described in Fig. 2. The 
basal cyclic adenosine monophosphate content in myo- 
metrium from the lower uterine segment was compa- 
rable to that found in the uterine fundus. After 
stimulation in vitro with increasing concentrations 
of terbutaline the cyclic adenosine monophosphate 
production in both locations was increased. No sig- 
nificant differences in the concentrations of cyclic 
adenosine monophosphate produced by the lower 
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Fig. 1. Rank order of potency of agonists competing for tri- 
tium-labeled dihydroalprenolol binding sites in myometrial 
preparations from untreated women. The K; values for the 
agonists were: isoprenaline (Iso) = 0.8 pmol/L; epinephrine 
(A) = 4.2 pmol/L, and norepinephrine (NA) = 6.5 pmol/L. 
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Fig. 2. Cyclic adenosine monophosphate (cAMP) production 
in myometrial preparations from the lower uterine segment 
(isthmus) and uterine fundus of untreated women after 
in vitro terbutaline (Terb) stimulation (mean values + SEM). 


Table II. Effects of terbutaline treatment on the number and affinity of B-adrenergic receptors in the 
uterine fundus and lower uterine segment of pregnant women 


No. of trittum-labeled 


dihydroalprenolol binding sites 





Ky of tritium-labeled 
dthydroalprenolol binding 


({mo./mg protein) (nmol/L) 
Fundus 
Control (n = 6) 38.9 + 1.2 5.8 + 1.2 
Terbutaline (n = 3) 21.1 + 0.8* 6.1 + 1.4 
Lower uterine segment 
Control (n = 11) 37.4 + 2.5 6.9 + 0.6 
Terbutaline (n = 8) 27.3 + 1.4t 5.3 2 1L7 


Ky = Equilibrium dissociation constant. 
*p«<0.001. 
4p<0.005. 


uterine segment and the uterine fundus were found 
(Fig. 2). 

Tritium-labeled dihydroalprenolol binding. By test- 
ing various B-adrenoceptor—agonist acting substances 
for their potency to compete with the binding of tri- 
tium-labeled dihydroalprenolol to myometrial mem- 
branes, the following order of potency was found: 
(—)isoprenaline > (—)epinephrine > (—)norepineph- 
rine (Fig. 1). Competition for binding was stereospecific 
for propranolol. Myometrial biopsies from the lower 
uterine segment and the uterine fundus of untreated 
women were studied as described above in order to 
determine the concentration of binding sites expressed 
as femtomoles per milligram of protein. The concen- 
tration of binding sites was similar in the uterine fundus 
(38.9 fmol/mg of protein) and in the lower uterine seg- 
ment (37.4 fmol/mg of protein) (Fig. 3, Table I). 


Binding sites in the lower uterine segment from un- 
treated and terbutaline-treated women differed with a 
significantly lower concentration of tritium-labeled di- 
hydroalprenolol binding sites in the terbutaline-treated 
group as shown in Fig. 4, A. A Scatchard plot (Fig. 5) 
of experiments dealing with the binding of tritium- 
labeled dihydroalprenolol showed that the concentra- 
tions of B-adrenoceptors were 27.3 fmol/mg of protein 
in the terbutaline-treated group and 37.4 fmol/mg of 
protein in the untreated group (Table II). In myo- 
metrial preparations from the uterine fundus there was 
an almost 50% decrease in binding capacity in prepa- 
rations from terbutaline-treated women (21.1 fmol/mg 
of protein) compared to those from the untreated con- 
trol group (38.9 fmol/mg of protein) (Fig. 4, B) 
(Table II). 

The affinity for the receptors was comparable in all 
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Fig. 3. Number cf B-adrenoceptor binding sites in the lower 
uterine segment (isthmus) and uterine fundus of untreated 
pregnant women (mean values + SEM). 


studied preparations as the saul dissociation 
constant (K4) of tritium-labeled dihydroalprenolol was 
almost equal i in all preparations (Table II). 


Comment E 

The mechanism behind the desensitization of the B- 
adrenoceptor system has been studied by many inves- 
tigators using different species and tissues.'' Clinically, 
a reduced response to B-mimetic treatment has been 
noticed in the treatment of asthmatic patients’ and in 
the treatment of premature uterine contractions.” Dif- 
ferent mechanisms behind the reduced B-adrenoceptor 
response have been postulated.” 

The desensitization may be aponist-specific, that is, 
after agonist stimulation, the number of receptors may 
be reduced or an uncoupling between receptor and 
effector may take place. Furthermore, the desensiti- 
zation may depend on, for example,-a decrease of the 
total adenylate cyclase activity or an increased destruc- 
tion of cyclic adenosine monophosphate by the enzyme 
phosphodiesterase." 

There is experimental evidence that all of these 


mechanisms may operate to cause desensitization in the - 


B-adrenoceptor system. In earlier studies we found a 
reduction in the concentration of B-adrenoceptors in 
the rat uterus® and an increase in phosphodiesterase 
activity in beth ratë and human? uterine tissue after 
adrenoceptor stimulation. 

In the present investigation we studied the .distri- 
bution of B-adrenoceptors in different parts of the 
pregnant human uterus as well as changes in the con- 
centration of receptors after in vivo B-adrenergic stim- 
ulation with terbutaline. 

Using a radioligand binding technique, we found a 
comparable concentration of 8-adrenoceptors in the 
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Fig. 4. Number of B-adrenoceptor binding sites in the lower 
uterine segment (A) and the uterine fundus (B) of terbutaline- 
treated women (Terb) and untreated women (control) (mean 


values + SEM). 


uterine-fundus and the lower uterine segment in nor- 


mal pregnant women (Fig. 3). This is in accordance 


with the cyclic adenosine monophosphate levels found 
in the two locations after in vitro terbutaline stimulation 


(Fig. 2). 


By assessing the order of ecivenes of saoi 
drugs in competing for binding sites with tritium-la- 
beled dihydroalprenolol, we found that the adrenergic 
agonists competed in a manner compatible with B-phar- 
macologic potencies (Fig. 1); which is in accordance 
with Hayashida et al.’ In our study, however, norepi- 
nephrine was more potent than reported by Hayashida 
et al. Whether this is due to different methods or dif- 
ferent myometrial material is impossible to determine 
since it is not stated in their study in what trimester of 
pregnancy the biopsy was performed. 

In women treated with terbutaline during pregnancy, 
a reduction in the number of B-adrenoceptors in the 
lower uterine segment was found. The reduction was 
most pronounced in the uterine fundus where an al- 
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paverine, could constitute a new approach to the im- 
proved treatment of preterm labor. 


The excellent assistance of Mrs. Helle Noorlind- 
Brage is greatly appreciated. 
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Increase in cervical extensibility during labor induced after 
isolation of the cervix from thé uterus in pregnant ewes 


W. L. Ledger, D.Phil.,* M. Webster, M.B., B.S., L. P. Harrison; B.Sc., Ph.D., 


A. B. M. Anderson, M.D., Ph.D., and A. C. Turnbull, M.D. 


Headington, Oxford, United Kingdom 


Surgical transection of the cervix was done on eight ewes in late pregnancy. This procedure resulted in 
most of the length of the cervix being mechanically disconnected from the uterus. Labor was. induced by 
injection of dexamathasone phosphate into a fetal hind limb during operation in four of the eight ewes. 

The success of the induction of labor was confirmed by observation of increased uterine activity and by 
measurement of the concentrations of progesterone and 178-estradiol in peripheral plasma. Ewes were put. 
to death approximately 48 hours after injection of dexamethasone and the extensibility of the isolated 
portion of the cervix was determined. Cervices taken from ewes in which labor had been induced were 
found to have softened considerably compered to control cervices taken from ewes in which the cervix had 
been transected without induction of labor. The results suggest that cervical softening can still occur 

during labor in the absence of any direct mechanical or local vascular connection between the cervix and 


uterus. (AM J OBSTET GYNECOL 1985;151:397-402,) 


Key words: Uterine activity, cervical dilatation, ovine parturition , 


Parturition cannot be achieved without adequate 


uterine contractions and concurrent cervical softening 
and dilatation. In pregnant sheep, the endocrine 
changes leading to the generation of uterine contrac- 
tions have beer: investigated extensively. The parts that 
are played by changes in placental enzyme activities and 
enhanced uterine production of prostaglandins have 
been studied in depth. The mechanism by which the 
structure of the cervix is remodeled to permit delivery, 
a change no less dramatic than the onset of uterine 
contractions, has received less attention. It has long 
been held that cervical softening is produced by the 
forces imposed on it by the contractions of the uterus. 
It has become apparent more recently, however, that 
cervical softening is the result of biochemical changes 
in the connective tissue of the cervical matrix’ and that 
these changes can occur in the absence of uterine con- 
tractions.”* It would therefore appear that cervical soft- 
ening and uterine contractility represent two sepdrate 
aspects of the process of parturition, both of which must 
be coordinated to achieve a successful delivery. 

Our aim in the present study was to determine 
whether the cervix was capable of undergoing the bio- 
chemical changes leading to softening after being phys- 
ically separated from the uterus. By this means we 
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hoped to learn whether the forces of uterine contrac- 
tions or any local vascular or neural connections be- 
tween uterus and cervix were necessary for cervical 
softening to take place. Physical separation by cervical 
transection in vivo provided a means by which these 
connections could be disrupted while leaving the cervix 


- with a'systemic vascular supply from the vaginal arter- 


ies. Initiation of labor by intrafetal injection of dexa- 
methasone during operation allowed the effects of la- 
bor on the transected portion of the cervix to be de- 
termined. 

Parturition in the sheep is preceded by a considerable 
reduction in the concentration of progesterone in pe- 
ripheral plasma, followed by a rise in the concentration 
of 178-estradiol.*® Similar changes occur in the blood 
supply to the cervix.’ The cervix should continue to 
receive these hormonal signals following transection, 
and it was thought likely that any alteration in the me- 
chanical properties of the transected cervix during la- 
bor could be ascribed to a response of the cervical tissue 
to these changes in steroid hormone concentrations. 
The preparation used in this study therefore allowed ` 
us to observe the behavior of the uterus and the cervix 
in labor, while preventing any local communication be- 
tween the two systems. 

This study used a mechanical test of the extensibility 
of a strip of cervical tissue measured in vitro as a means 
of assessing the effect of our experimental manipula- 
tions on the cervix. Uterine activity was monitored con- 
tinuously from the time of operation to ensure the suc- 
cess of the induction of labor. Labor was induced by 
using an intrafetal injection of the synthetic glucocor- 
ticoid dexamethasone because this is a rapid and re- 
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producible means of achieving powerful utérine con- 
tractions. Concentrations of 17f-estradio] and proges- 
terone were measured in plasma collected from blood 
samples taken at intervals from the jugular vein. These 
results were used to confirm that the changes in steroid 
hormone concentration seen during normal labor were 
still taking place in our animals. 


Material and methods | | 
Transections were conducted on eight Suffolk cross- 
bred ewes between days 116 and 130 of pregnancy. All 
ewes carried singleton pregnancies. General anesthesia 


' was induced by intravenous injection of thiopental so- 


dium (Pentothal, Abbott Laboratories Ltd., Kent, 
United Kingdom) and maintained following tracheal 
intubation with 2% to 4% halothane in oxygen, admin- 
istered by using a closed-circuit system. Carbon dioxide 
was absorbed by using soda-lime..A maternal jugular 
vein and the amniotic cavity were catheterized with 
polyvinyl chloride catheters (inside diameter of 2 mm; 
outside diameter of 3 mm; Portex Ltd., Hythe, Kent, 
United Kingdom) according to conventional aseptic 
procedures. In ewes 1 through 4, a fetal hind limb was 
delivered through an incision in the uterine wall. The 
fetus was injected with 40 mg of dexamethasone phos- 
phate (Decadron, Merck, Sharp & Dohme Ltd., Hod- 
desdon, Herts, United Kingdom), containing 33.3 mg 
of dexamethasone. Injections were made into the fetal 
thigh and leg muscles in seven sites, as described by 
Flint et al. The fetuses of ewes 5 through 8 received 
similar multiple injections of sterile saline (9 gm/L). 
The cervix was exposed by extending the original 


paramidline abdominal incision and retracting the 


mammary gland. After identification of the uterocer- 


vical junction, the superficial parametrial tissues over- ` 


lying the vascular plexus surrounding the cervical con- 
nective tissue were reflected at a point approximately 
3 cm from the junction with the uterus. Each vessel in 


the plexus at this point was then undermined by blunt — 


dissection, ligated twice, and cut between these sutures. 
This procedure allowed access to the cervix, which was 
then transected. Since the major vessels had been li- 
gated immediately above and below this point, there 
was very little blood loss. Complete hemostasis was 
. achieved by using electrocoagulation. Mucus was iden- 
` tified in the exposed cervical lumen that was then closed 
with discs 1.5-cm in diameter of sterile silicone rubber 
(Silastic, Dow Corning Corporation, Midland, Michi- 
gan). These were attached with cyanoacrylate ester ad- 


aa hesive (Loktite Products, Welwyn Garden City,.Herts, 


United Kingdom). The area was packed with cellulose 
gauze (Oxycel, Parke-Davis Co. Pontypool, Monmouth, 
United Kingdom), and the abdomen closed. 
Postoperatively the ewes received Streptapen (4 ml) 
containing penicillin G procaine (250 mg/ml) and di- 
hydrostreptomycin sulfate (250 mg/ml) (Glaxovet Ltd., 
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Greenford, Middlesex, United Kingdom) intramuscu- 
larly. This treatment was repeated on the following day. 
The ewes were also given pethidine (100 mg) intra- 
muscularly. The ewes were kept in metabolism cages 
and fed 1 kg of dried grass nuts and 1 kg of ewe and 
lamb pencils with free access to water. Catheters were 
flushed with sterile saline (9 gm/L) containing 250 U/ 
ml of heparin. Recordings of aniniotic fluid pressure 
changes were made continuously by using a type 4-442 


physiologic pressure transducer (Bell & Howell Ltd., 


Basingstoke, United Kingdom) and conventional am- 
plifying and recording equipment (Devices Ltd., Wel- 
wyn Garden City, Herts, United Kingdom). Blood 
samples were drawn into chilled heparinized tubes con- 
taining 0.1 ml of aspirin, 0.5 mg/ml, and 0.1 ml of ethyl- 
enediaminetetraacetic acid, 7 mg/ml of blood, and cen- 
trifuged immediately for 15 minutes at 900 g and 4° C. 
Plasma samples were stored at — 20° C until analysis. 
Assays. Progesterone was measured in plasma by ra- 
dioimmunoassay as described previously." Assay relia- 
bility criteria did not differ significantly from those 
described previously. The interassay coefficient of vari- 
ation, calculated from standards containing 1] ng of 
progesterone per milliliter of plasma included in each 
assay, was 12.5%; the intra-assay coefficient of varia- 
tion, determined by assay of 12 aliquots of plasma each 
containing 100 pg of progesterone, was 9:1%. Concen- 
trations of 178-estradiol in plasma were measured by 
using an adaptation of the method of Flint et al.,® 
(with antiserum donated by Dr. B. J. A. Furr, I.C.I. 
Pharmaceuticals Division, Alderley Park, Macclesfield, 
Cheshire, United Kingdom). Plasma blanks obtained 


from ovariectomized ewes and plasma standards con- 


taining known amounts of 17ß-estradiol were included 
in each assay. Throughout the period during which the 
samples described in this:paper were assayed, the inter- 
assay coefficient of variation was 9% and the intra-assay 
coefficien: of variation, determined by assay of 12 ali- 
quots of plasma each containing 100 pg of 17B-estra- 
diol, was 3.1%. Extraction recoveries were 74.6 + 4.3% 
(mean + 1 SD; n = 5). Results were corrected for re- 
covery. Sensitivity of the assay, defined as the mass of 
17B-estradiol detected 2 SD from the lowest point on 
the standard curve, was 5 pg per tube. In specificity 
studies, cross-reactivities calculated as described by 
Abraham? were: for androstanedione, cortisol, 17a-hy- 
droxyprogesterone, progesterone, and testosterone, 
<0.1%: for estrone, 2.22%; for estriol, 0.29%; and for 
17a-estradiol, 0.25%. 

Postmortem studies. Ewes were stunned by a captive 
bolt and were killed by exsanguination. Ewes | through 
4, in which labor had been induced, were killed 48 to 
50 hours after injection of dexamethasone. Ewes 5 
through 8 were killed 49 to 90 hours after injection of 
saline solution. At the end of each experiment the 


` uterus was opened and the fetus examined in situ. The 
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Fig. 1. Recordings of changes in amniotic fluid pressure occurring after intrafetal injection of 
dexamethasone (ewes | through 4) or sterile normal saline solution (ewes 5 through 8). Each re- 
cording is a specimen made during the hour immediately before sacrifice of each animal. 


cervix and lower uterine segment were detached and 
taken on ice to the laboratory. Each cervix was then 
trimmed of parametrial tissue and opened longitudi- 
nally to reveal the internal structure of the cervical 
canal. A transverse section 15 mm wide, including the 
central cervical ring, was then cut. This strip, composed 
of the entire width of the cervix, was always taken from 
the distal transected portion of cervix that had been 
separated from the uterus at operation and always lay 
at least 1 cm from the site of transection. 
Extensibility was measured by using an apparatus 
adapted from that originally described by Harkness 
and Harkness.** This equipment has been described 
previously for use with the cervix of the ewe." 


Results 


Intrafetal injection with dexamethasone has been 
shown to lead to delivery between 40 and 70 hours 
later.’ Amniotic fluid pressure recordings begun ap- 
proximately 3 hours after injection of dexamethasone 
already showed evidence of uterine activity, with con- 
tractions of 10 to 15 mm Hg in amplitude occurring 
approximately every 20 minutes. The frequency and 
amplitude of contractions increased to produce almost 
continuous trains of contractions some 30 hours later. 
Fig. 1 shows specimen recordings taken from each of 
the eight ewes. Each tracing was recorded during the 
hour immediately before sacrifice. Intrafetal injection 
of saline solution did not produce contractions ‘of this 


type. Infrequent, small-amplitude contractions were | 


observed for approximately 12 hours after operation. 


These subsequently subsided so that little activity was 
apparent. 

Concentrations of progesterone and 17B-estradiol in 
maternal jugular venous plasma followed the pattern 
established for these hormones after induction of labor? 
in that there was a fall in the concentration of proges- 
terone (Fig. 2) with a subsequent rise in the concen- 
tration of 17B-estradiol (Fig. 3). Hormone levels in 
plasma collected from the control ewes did not follow 
this pattern and showed little variation during the pe- 
riod of observation. 

Postmortem examination. Examination of the tran- 
sected cervices immediately after sacrifice revealed no 
visible necrosis of either portion other than that of the 
cut ends themselves, which were blackened following 
electrocoagulation. The vessels of the cervical plexus 
that had been ligated immediately above and below the 
transection were fully perfused with blood, indicating 
the existence of a blood supply to the cervix from both 
uterine and vaginal sources. In each case, examination 
of the uterus revealed the membranes to be intact and 
to contain a live fetus. The silicone rubber disks at- 
tached to the transected ends of the cervix remained 
in position, occluding the cervical lumen. 

The internal structure of the cervices removed from 
the animals in which labor had been induced (ewes 1 
through 4) was found to have altered in a way similar 
to that seen at term. The rings of the proximal (uterine) 
portions were effaced, with liquid and translucent mu- 
cus present. Structural alteration of the distal (vaginal) 
portions had not progressed as far although similar 
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Fig. 2. Graph of the concentrations of progesterone in peripheral plasma collected from eight ewes 
following cervical transection after intrafetal injection of dexamethasone (ewes 1 through 4) or sterile 


normal saline solution (ewes 5 through 8). 


changes had clearly taken place, with increased cervical 
dimensions, loss of rigidity, and liquid mucus observ- 
able. Fig. 4 shows a photograph of one cervix from this 
group. Cervices taken from control ewes were similar 
in appearance to the normal structure seen during late 
pregnancy and there were no visible differences be- 
-tween the uterine and vaginal portions. 

Extensibility measurements. Within 30 minutes of 
the sacrifice, tissues were mounted in the apparatus 
used for determination of extensibility. Measurements 
were made on the central cervical ring removed from 
the cervix at postmortem examination. Results of these 
experiments are shown in Table I. Cervices taken from 
four ewes in which labor had been induced each showed 
an increase in extensibility compared to measurements 


made on control cervices. The results obtained from 


the control group did not differ from extensibilities 
measured on nontransected cervices taken from sheep 


of similar gestational age.* Extensibilities measured for 


the group in which labor had been induced were always 
at least twice as great as the highest figure obtained for 
the control] group. Statistical analysis was not per- 
formed. 


Comment 


The purpose of this study was to determine the effect 
of labor on the cervix that has been surgically isolated 
from the uterus while retaining a connection with the 
vagina. No effect was seen in the absence of labor. In 


the ewes in which labor had been induced, cervical 
softening still occurred after transection, although the 
response of the distal (vaginal) portion appeared less 
marked than that of the portion that remained in con- 
tact with the uterus. During operation, particular care 
was taken to sever all visible vessels in the plexus lying 
around the cervix. It was clear at postmortem exami- 
nation that both halves of the transected plexus still 
received a blood supply, an observation supported by 
the absence of necrosis in the two portions. The atten- 
uation of the response might have been due to the 
absence of prostaglandins that could otherwise have 
reached the cervix by venous drainage from the uterus 
or to the removal of the influence of uterine contrac- 
tions on the cervix. Cervical transection did not appear 
to attenuate the amplitude or frequency of the uterine 
contractions induced with dexamethasone. 

The effect of surgical transection of the cervix has 
not been previously studied in the sheep, although Stys 
et al.* have measured the compliance of the sheep cer- 
vix during labor following ligation of the internal os 
uteri with a purse-string suture. This procedure may 
have occluded the vascular connections between the 
uterus and cervix but would not affect the transmission 
of the forces of uterine contractions to the cervix. De- 
spite the insertion of the purse-string suture, cervical 
compliance increased considerably during both spon- 
taneous and dexamethasone-induced labor. 

Results similar to the present study have been re- 
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Fig. 3. Graph of the concentrations of 17B-estradiol in peripheral plasma collected from eight ewes 
following cervical transection after intrafetal injection of dexamethasone (ewes 1 through 4) or sterile 


normai saline solution (ewes 5 through 8). 


Table I. Extensibilities of cervical strips taken 
from distal (vaginal) portions of transected 
cervices following labor induced with 
dexamethasone or from controls 











Ewe No. Treatment Cervical extensibility 


i Dexamethasone 7.9 
2 Dexamethasone 10.9 
3 Dexamethasone 12.8 
4 Dexamethasone 12.1 
Mean 10.9 
5 Saline solution 4.0 
6 Saline solution 2.3 
7 Saline solution 2.6 
8 Saline solution 3.2 
5. 
Mean 





ported following transection of the cervix of the preg- 
nant rat. Hollingsworth and Gallimore'’ measured the 
wet weight and extensibility of the cervix 8 days after 
transections performed on day 11 of pregnancy. Both 
of these measurements have been shown to increase 
during the latter half of pregnancy in the rat” and 
changes of a similar magnitude were still found to occur 
after transection. The authors concluded that cervical 
softening during pregnancy was not a consequence of 
an increase in uterine contractility. 

The present study has extended the findings of Hol- 
lingsworth and Gallimore'’’ to changes in the cervix 
during labor. It would appear that the cervix of the 
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Fig. 4. Photograph shows a transected cervix shortly after 
sacrifice of ewe | during labor. The uterine portion of the 
cervix lies at the top of the picture. 





pregnant sheep can still undergo the structural re- 
modeling that leads to softening of the tissue after its 
separation from the influence of uterine contractions. 
This finding adds to the evidence contradicting the 
hypothesis that cervical softening is the result only of 
stretching of the tissue by the force of the contractions 
of the uterus. The cervix of the sheep can produce 
prostaglandins in vitro. Production of prostaglandin E 
and 6-oxo-prostaglandin F,, (the stable breakdown 
product of prostacyclin) is increased in tissues collected 
at delivery." It is possible that in the present experi- 
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mental circumstances, cervical prostaglandin synthase 
activity may have been enhanced in response to changes 
in the concentrations of steroid hormones in the cer- 
vical vascular supply by a mechanism similar to that 
suggested for the control of uterine prostaglandin pro- 
duction.’ It is less likely that the observed response of 
the cervical ussue was the result of prostaglandins pro- 
duced by the uterus passing to the cervix in the systemic 
circulation, since these compounds are efficiently me- 
tabolized by the lungs and other organs.’® Release of 
relaxin into the circulation from the corpus luteum or 
from an extraovarian site of production might also par- 
ticipate in the process of cervical softening and may 
also remain unaffected by transection. In the intact 
animal, prostaglandins and mechanical factors from the 
uterus may combine with such factors to produce a fully 
dilated cervix, but in their absence it would appear that 
the initial softening phase of the process of dilatation 


can still proceed. 


We thank Professor G. S. Dawes for provision of 
animal housing facilities. 
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Human fetal breathing: Associated changes in heart rate and 


beat-to-beat variability 


M. Y. Divon, M.D., E. Z. Zimmer, M.D., L. D. Platt, M.D., and E. Paldi, M.D. 


Los Angeles, California, and Haifa, Israel 


A computerized quantification of fetal heart rate and beat-to-beat variability was performed during and 
between fetal breathing episodes. Sixteen healthy pregnant women at term participated in the study. The 
results indicate that “etal breathing is associated with a significant increase in beat-to-beat variability 

(from 4.48 + 1.66 between breathing episodes to 5.80 + 2.04 during breathing episodes, p < 0.01) and a 
small but significant decrease in fetal heart rate (from 142.7 + 8.6 bpm between breathing episodes to 
140.4 + 8.6 bpm during breathing episodes, p < 0.05). (AM J OBSTET GYNECOL 1985;151:403-6.) 


Key words: Fetal breathing, fetal heart rate, heart rate variability 


The assessment of fetal heart rate variability and tts 
significance to fetal well-being have received increased 
attention in recent years.’ To date, there have been few 
quantitative investigations of specific mechanisms re- 
sponsible for such variations. 

It has long been recognized that during extrauterine 
breathing, variations in heart rate occur simultaneously 
with breathing (i.¢., respiratory sinus -arrhythmia).? 
This study was undertaken in order to quantify changes 
in fetal heart rate and beat-to-beat variability during 
and between fetal breathing episodes. 


Material and methods 


Informed consent was obtained from 16 healthy 
pregnant women at term in whom spontaneous rupture 
of the membranes had occurred. They were all normal 
in that there were no complications of pregnancy, they 
were nonsmokers and took no drugs (other than fer- 
rous compounds). The study was performed at least 2 
hours after spontaneous rupture of membranes (range, 
2 to 7 hours) and before the onset of uterine contrac- 
tions. All records were of 25 minutes duration and 
were made at midmorning, 2 hours after a standard 
breakfast. 

Fetal activity was monitored by an observer using a 
real-time ultrasound scanner. The transducer was 
placed on the maternal abdomen and a view obtained 
of a transverse section of the upper fetal abdomen. Two 
switches were operated by the observer; one was ac- 
tuated for every breathing movement, and the other 
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was actuated throughout each fetal body movement. 
Hiccup-type movements and isolated ‘limb movements 
were not recorded. The fetal electrocardiograms were 
obtained via a scalp electrode, amplified, and contin- 
uously recorded. All data input was simultaneously re- 
corded on three channels of a four-channel FM tape 
recorder. On replay the information was fed into a 
microcomputer with the use of a sampling time of 0.1 
msec. A detailed description of this system forms the 
subject of a separate publication.’ 

The fetus was defined as breathing when the respi- 
ratory rate was =10 breaths per minute. Absence of 
breathing for >6 seconds was defined as apnea. 

Beat-to-beat variability was defined as follows: 


[Tn — T(n — 1] x 1000 
Tn + T(n — I) 


where Tn = the n" interbeat time interval." 

A numerical analysis was performed on the data input, 
yielding the following items: (1) Fetal breathing—num- 
ber of breathing episodes and percentage of time dur- 
ing which fetus was breathing. (2) Fetal heart rate— 
derived from beat-to-beat intervals (F = 1/T) during 
periods of fetal breathing and of no fetal activity. (3) 
Beat-to-beat variability—defined as thé standard de- 
viation of the equation given above and occurring dur- 
ing periods of fetal breathing and of no fetal activity. 
The Wilcoxon matched-pair signed-rank test was used 


for statistical analysis. 


Results 


Fetal breathing. The number of breathing episodes 
and percent of observation time of these episodes for 
each patient is presented in Table I. A total of 106 
breathing episodes, lasting for 5961 seconds, were ana- 
lyzed in the study. 

Fetal heart rate. Mean values for fetal heart rate dur- 
ing and between fetal breathing episodes were 140.4 + 
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Table I. Fetal breathing 









Percent of No. of 







Case observation breathing 
No. time” episodes 
l 14.2 2 
2 48.6 8 
3 14.5 2 
4 16.5 4 
5 16.8 4 
6 51.0 8 
7 18.1 7 
8 11.4 9 
9 12.7 4 
10 13.7 7 
1] 54.9 9 
12 10.6 8 
13 16.8 6 
14 ; 9.7 6 
15. 16.9 12 
16 74.0 10 


*Mean, 24.8; SEM, 6.2. 


Table II. Changes in fetal heart rate associated 
with fetal breathing episodes 





Fetal heart rate (bpm) 










During periods 
of no fetal 
activilyt 


During fetal 
breathing 
episodes* 





- Case 
No. 






124.8 137.9 
2 158.1 164.2 
3 137.1 140.1 
4 140.1 139.5 
5 140.8 142.6 
6 142.2 145.5 
7 130.8 140.2 
8 128.8 128.6 
9 142.0 141.0 
10 136.0 136.8 
1] 141.9 142.0 
12 136.5 134.9 
13 158.9 162.0 
14 143.7 144.1] 
15 144.6 144.5 
16 © 1403 140.6 


*Mean, 140.4; SEM, 2.15. 
+Mean, 142.7; SEM, 2.15. 


8.6 and 142.7 + 8.6, respectively (mean + SD, bpm). 
This difference is significant (p < 0.05). A summary of 
the results appears in Table II. 

Beat-to-beat variability. Mean values for beat-to-beat 
. variability during and between fetal breathing epi- 
sodes were 5.80 + 2.04 and 4.48 + 1.66, respectively 
(mean + SD). This difference is significant (p < 0.01). 
A summary of the results appears in Table III. Fig. 1 
is a typical example of fetal breathing movements along 
with the corresponding fetal heart rate and beat-to-beat 
variability. | 
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Table III. Changes in beat-to-beat variability 
associated with fetal breathing episodes 






Beat-to-beat variability 






During fetal During periods 
Case breathing of no fetal 
No. eprsodes* activity? 
I 9.35 7.10 
2 5.11 3.20 
, <0 3.40 2.68 
4° 6.70 6.06 
5 9.98 6.50 
6 5.82 3.31 - 
T 5.78 6.30 
8 5.78 4,41 
9 3.85 3.45 
10 4.45 | 4.1] 
1] 3.75 2.55 
12 9:22 7.12 
13 5.11 3.17 
14 3.85 22 
15 4.06 3.04 
16 6.7) 6.08 


*Mean, 5.80; SEM, 0.51. 
+Mean, 4.48; SEM, 0.41. 


Fetal outcome. The outcome of each of the preg- 
nancies was entirely normal. No fetus developed signs 
of distress during the intrapartum period. All delivered 
vaginally. There were no Apgar scores <8 at 1 and 5 
minutes. Neonatal examination confirmed gestational 
age. The average fetal weight was 3540 gm (range, 3150 
to 3790 gm). 


Comment 
A computerized numerical analysis of fetal heart 


. rate and beat-to- beat variability during and between 


fetal breathing episodes was carried out in this study. 
Our results indicate that beat-to-beat variability is sig- 
nificantly increased during fetal breathing. As seen, 
beat-to-beat variability rose from 4.48 + 1.66 between 
breathing episodes to 5.80 + 2.04 during breathing ep- 
isodes (mean + SD, p < 0.01). Feta) heart rate dropped 
to 140.4 + 8.6 bpm from 142.7 + 8.6 bpm during and 
be:ween breathing episodes, respectively (p < C.05). 
The association between fetal breathing movements 
and a change in the pattern of fetal heart rate was noted 
but not quantified by Timor-Tritsch et al. Wheeler 
et al.© found an increase in both short- and long-term 
beat-to-beat variability with fetal breathing. In contrast, 
Botts et al.’ found no significant association between 
fetal breathing movements and either form of beat-to- 
beat variability. Dawes et al. examined fetal heart rate 
via abdominal electrocardiogram in the presence of fe- 
tal breathing only during periods when there were nel- 
ther gross accelerations nor decelerations >3.5 bpm. 
They looked at the absolute beat-to-beat intervals and 
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Fig. 1. Fetal breathing movements along with the corresponding fetal heart rate (FHR) and beat- 


to-beat variability (BTBV). 


found a mean increase of 1 msec in their short-term 
beat-to-beat variability, whereas the mean fetal heart 
rate fell by 2.8 bpm. In our study, we examined beat- 
to-beat variability during fetal breathing, without im- 
posing any limits on fetal heart rate fluctuations. Our 
findings support: previous results, which showed that 
fetal breathing is associated with a significant. increase 
in beat-to-beat variability and a small, but significant 
decrease in fetal heart rate. 

In contrast to previous investigators who looked at 
the relationship between fetal heart rate, beat-to-beat 
variability, and fetal activity using fetal abdominal elec- 
trocardiogram or Doppler ultrasound,*** we used the 
direct fetal electrocardiogram as the source for calcu- 
lating beat-to-beat variability. Since the accuracy of 
these measurements depends on the accuracy of the 
trigger signal, we chose the direct electrocardiogram 
from the fetal scalp. Thus we could calculate fetal heart 
rate and beat-to-beat variability directly and more ac- 
curately. _ 
= Allof our subjects were examined after spontaneous 
rupture of membranes and before the onset of uterine 


contractions. This is clearly a unique situation. The 
reason for choosing this experimental setup is that it is 
as free of artifacts as possible. With the use of the direct 
fetal electrocardiogram as thé trigger source and an 
error detection system described elsewhere,’ our total 
rejection time resulting from artifacts was <0.2% per 
recording. Because the signals were of such good qual- 
ity, we did not have to perform any filtering, averaging, 
or interpolation, as was done by others.’ 

The clinical significance of the information pre- 
sented in this paper has yet to be determined. However, 
it seems reasonable that a combined assessment of fetal 
breathing, and its associated changes in fetal heart rate 
and beat-to-beat variability may prove useful in eval- 
uation of fetal well-being. This assumption is based on 
the following facts: (1) Fetal biophysical activities are 
initiated and regulated by complex integrated central 
nervous system mechanisms.’ (2) The mechanisms 
involved in the association between breathing and 
changes in heart rate, i.e., respiratory sinus arrhythmia, 
are fairly well understood.'* © (3) As far as our ability 
to stress the system is concerned, it is relatively easy to 


Divon et al. 


enhance fetal breathing movements (e.g., by maternal 
glucose administration). 

Studies are presently under way to investigate the 
effects of asphyxia and drug administration on “respi- 
ratory sinus arrhythmia” in the human fetus. 
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Normeperidine, the active meperidine metabolite, has been implicated in adverse neonatal effects that may 
occur following administration of meperidine to parturients. However, recent studies have suggested that 
normeperidine levels aré not high enough to have adverse effects foll lowing single low doses of meperidine. 
it is not clear what occurs following multiple injections. Therefore the purpose of this study was to 
quantitate plasma levels of meperidine and normeperidine in the mother following multiple doses of 
meperidine over long time periods and to determine the half-life of normeperidine. Twelve mothers who 
received multiple intravenous doses of meperidine were studied. The results show that both meperidine 

and normeperidine accumulate in maternal plasma following multiple injections .and that the half-life 

of normeperidine averages 20.6 hours. The data suggest that maximum exposure of the fetus to both . 
meperidine and normeperidine would: result from multiple doses to the mother because of a continued | 
diffusion gradient from mother to fetus. (AM J OBSTET GYNECOL 1985;151 406-9.) 
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Normeperidine, the pharmacologically active me- 
peridine metabolite, has been implicated as the cause 
of respiratory depression in infants born 2 to 3 hours 
following meperidine administration to the mother.' 
However, recent studies have suggested that following 
single doses and short drug-to-delivery intervals, 
depression in the newborn infant appears to be related 
more to the total amount of meperidine transferred to 
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the fetus before delivery than to the presence of nor- 
meperidine.”’ l 

Normeperidine may have a clinical effect, however, 
if meperidine is given to the mother as repeated injec- 
tions with long drug-to-delivery intervals.” The fact that 
normeperidine is excreted more slowly than meperi- 
dine supports this hypothesis.*?” Although the half-life 
in parturients is not well documented, normeperidine 
would be expected to accumulate in maternal as well 
as fetal plasma following multiple doses.*° Thus an 
infant born to a mother who has received several in- 
jections of meperidine over long periods of time may 
have considerable normeperidine levels at birth. 

Therefore the purpose of this study was to document 
the disposition of meperidine and normeperidine in 
maternal plasma following multiple doses of meperi- 
dine and to determine the half-life of normeperidine 
in these patients. 


Material and methods 


Patients. Twelve pregnant women were studied. Me- 
peridine was administered intravenously as needed for 
pain relief. Patients with liver or renal disease or his- 
tories of substance abuse were eliminated from the 
study. Others with mild pregnancy complications were 
included as long as meperidine administration was ap- 
propriate. This study was approved by the Human In- 
vestigation Committee of Cleveland Metropolitan Gen- 
2ral Hospital, and appropriate informed consent was 
obtained from each patient prior to inclusion in the 
study. 

Sample collection and data analysis. Intrapartum 
maternal blood samples were collected at various in- 


tervals following meperidine injection as previously de- 


scribed.” '' Postpartum blood samples were collected 
from four of the mothers every 24 hours for 72 hours.. 

Meperidine was extracted from plasma with the use 
of the technique of Mather and Tucker’ and quanti- 
tated by gas chromatography—mass spectrometry.’ 

Semilogarithmic plots showing the disappearance of 
meperidine and normeperidine in maternal plasma 
were obtained by plotting concentrations of drugs in 
plasma against the time since injection of meperidine. 
Half-lives were estimated from the disappearance of 
the compounds in plasma. Normeperidine/meperidine 
ratios were calculated by dividing the amount of nor- 
meperidine in a given sample by the amount of me- 
peridine in the same sample. Statistics and calculations 
were done by means of the statistical and linear or 
exponential curve-fitting programs for a Hewlett Pack- 
ard 41C programmable calculator. 


Results 


Patient population. The clinical characteristics and 
amount of meperidine administered to the mothers are 
shown in Table I. One cesarean section was performed 
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Table I. Characteristics of the maternal study 
population 


Characteristic | Number 


No. of mothers 12 
Antenatal characteristics 
Age (yr)* 22.6 + 4.5 (17-32) 
Nulliparous 9 
Multiparous 3 


Intrapartum analgesia 


Meperidine (No. of 2.58 + 0.79 (2-4) 


doses) 
Total dose (mg) 79.04 + 25.9 (50-125) 
Drug-to-delivery 303 + 190 (93-702) 
interval: first dose 
(min) 


Drug-to-delivery 150 + 110 (51-401) 
interval: final dose 
(min) 
Delivery method (n) 
Vaginal 10 
Primary cesarean 2 
section 
Complications (n) 
Preeclampsia ` 
>200 Ib 
Sickle cell disease 
Smoking 
Premature rupture of 
membranes 


mi p ee ee) 


*Mean + SD (range). 


because of fetal distress and the second for failure to 
progress following premature rupture of membranes. 
The neonatal outcomes of these pregnancies are pre- 
sented in a companion paper.” 

Intrapartum plasma drug levels. A disappearance 
curve from a typical patient resulting from three suc- 
cessive injections of. 25 mg of meperidine at hourly 
intervals and the corresponding appearance curves of 
normeperidine are shown in Fig. 1. These curves show 
that both meperidine and normeperidine plasma levels 
steadily increase with time. Plasma levels of meperidine 
an hour after the second or third dose were typically 
two to three times higher than those at 1 hour after 
the first dose. Plasma levels of normeperidine increased 


at variable rates in individual patients. No differences 


were apparent in patients with medical complications. 
The mean maternal plasma meperidine and nor- 


_ meperidine levels at delivery and the normeperidine/ 


meperidine ratio are shown in Table H. A delivery 
sample was not obtained from one patient. No signif- 
icant correlation was observed between normeperi- 
dine levels and the drug-to-delivery interval. However, 
the proportion of normeperidine to meperidine in- 
creased significantly (r = 0.77, p< 0.01, Y = 0.03 + 
0.000753) with time; the high observed was 58%. Fig. 
2 illustrates this relationship. 

Postpartum plasma drug levels. Samples were col- 
lected from four mothers post partum and the mean 
half-life of normeperidine was estimated to be 20.55 
+ 3.61 hours (range, 17.3 to 24.8 hours). At 24 hours 
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Fig. 1. Plasma concentrations of meperidine and normeper- 
idine following multiple doses of meperidine during labor. 


Table H. Maternal meperidine and 
normeperidine levels (ng/ml) and the 
normeperidine/meperidine ratio at delivery 


Meperidine 129.2 + 57.5 65.6-268.2 
Normeperidine 33.6 + 19.9 10.5-69.1 
Normeperidine/meperidine* 0.26 + 0.17 0.09-0.58 


*Corresponds to an average injection-to-delivery interval of 
275 min from the first dose. 


post partum, plasma normeperidine levels were similar 
to those found at delivery, whereas meperidine levels 
were very low. For this reason, not enough data points 
were available to calculate the postpartum half-life of 
meperidine in these patients. However, in two of the 
mothers, meperidine was detectable for at least 48 
hours. 


Comment 


Intrapartum plasma drug levels. Both meperidine 
and normeperidine levels in maternal plasma increase 
with repeated injections. Although this is not surpris- 
ing, there may be implications for the fetus that may 
not have been considered. When a single dose of me- 
peridine is given, uptake of meperidine into fetal tissues 


occurs for 2.to 3 hours, at which point the diffusion. 


gradient reverses and meperidine begins to be cleared 
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Fig. 2. The relationship between the normeperidine/meper- 
idine ratio and the drug-to-delivery interval. 


from fetal tissues.2*° When multiple doses of meper- 
idine are given, uptake into fetal tissues occurs as be- 
fore, but the concentration gradient does not have time 
to reverse before the next injection. Uptake of meper- 
idine into fetal tissues would continue for at least 2 to 
3 hours after the last dose. 

With respect to normeperidine, its level also increases 
in maternal plasma, and the proportion of normeper- 
idine to meperidine increases with time. Therefore fe- 
tal tissue uptake of normeperidine by diffusion will 
continue, and fetal levels will be augmented by what is 
produced by fetal metabolism. Normeperidine should 
accumulate in fetal tissues for many hours following 
the last dose of meperidine. At the highest levels, nor- 
meperidine may be clinically relevant, since it could add 
to the effects of the meperidine already present.’ 

Postpartum plasma drug levels. The half-life of me- ` 
peridine has consistently been reported to be approx- 
imately 3 to 7 hours.* 1% 1 However, several of the 
mothers in this study had detectable meperidine levels 
for as long as 48 hours. These results are in agreement 
with a recent study by Morrison et al.,* who also re- 
ported the presence of meperidine in maternal plasma 
for as long as 48 hours. The results of these two studies 
suggest that the postpartum half-life of meperidine in 
ma:ernal plasma may have been underestimated by ear- 
lier investigators. 

To our knowledge, the absolute half-life of norme- 
peridine in the puerperium has not previously been 
published although several studies have suggested that 
it is “prolonged.”* '''® Finding a mean half-life of >20 
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hours for these patients suggests that normeperidine 
would still be increasing in maternal plasma for hours 
after delivery of :he infant. 

In summary, the results of this study suggest that 
with multiple doses, the drug and its metabolite would 
continuously accumulate in the fetus because of the 
continued diffusion gradient from mother to fetus. 
This would result in maximum accumulation of both 
compounds in fetal tissues at birth. l 
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It has been suggested that continued diffusion gradients from mother to fetus would exist and that both 
meperidine and normeperidine would accumulate in the fetus following multiple doses of meperidine to the 
mother during labor. However, no pharmacokinetic data are available. Therefore, the purpose of this 
study was to document the disposition of meperidine and normeperidine in the fetus and neonate following 
multiple doses of meperidine to the mother over long time periods. Twelve infants were studied. The results 
show surprisingly high concentrations of both meperidine and normeperidine in fetal blood at delivery. 

In addition, the amount of normeperidine increased with time in umbilical cord blood, the ratio of 
normeperidine to meperidine increased with time, and the umbilical artery-to-vein ratio of meperidine (but 
not normeperidine) was greater than one following long drug-to-delivery intervals. The data also suggest 
that with long drug-to-delivery intervals the levels of normeperidine may become clinically important 

and that the elimination of both. compounds by the neonate is prolonged. The study suggests that multiple 
doses to the mother over long time periods result in maximum accumulatior of both meperidine and 
normeperidine in fetal tissues. (AM J OBSTET GYNECOL 1985;151:410-5.) 


Key words: Fetus, drugs, meperidine 


Infants born 2 to 3 hours following meperidine ad- 
ministration to the mother have repeatedly been shown 
to have the highest incidence of respiratory depres- 
sion.'? Since no relationship could be demonstrated 
between cord blood meperidine levels and this time 
interval, it was hypothesized that normeperidine, the 
pharmacologically active metabolite of meperidine,’ 
was responsible. However, normeperidine levels are 
too low to explain any respiratory depression in the 
neonate following single low doses of meperidine.*” 
Furthermore, fetal tissue uptake of meperidine, but 
not normeperidine, reaches a maximum approxi- 
mately 2 to 3 hours following its administration to the 
mother®*'°; in contrast, normeperidine levels are high- 
est with longer time intervals.'*'' Thus, following single 
doses and short drug-to-delivery intervals, depression 
in the newborn appears to be related more to the total 
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amount of meperidine transferred to the fetus priar to 
delivery than to the presence of normeperidine. 

However, normeperidine may be clinically relevant 
if meperidine is given to the mother as multiple doses 
with long drug-to-delivery intervals.’ This is supported 
by the accumulation of normeperidine in maternal 
plasma, particularly following multiple doses. Thus 
an infant born to a mother who has received several 
injections of meperidine over long periods of time may 
have considerable normeperidine levels at birth. Fur- 
thermore, neonatal clearance of normeperidine is 
much slower than in the adult,** '*'’ and normeperi- 
dine is not completely antagonized by naloxone.’ 

Therefore the purpose of this study was to document 
the disposition of meperidine and normeperidine in 
fetal and neonatal plasma and urine following multiple 
doses of meperidine during labor. 


Material and methods 


Patients. Twelve neonates whose mothers received 
multiple low doses of meperidine during labor were 
studied. Meperidine was administered intravenously to 
the mothers as needed for pain relief. The clinical char- 
acteristics of the mothers, the timing and amount of 
analgesia, and the informed consent procedures have 
been reported previously." 
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Sample collection and data analysis. Cord blood 
samples were collected from 11 of the infants as de- 
scribed.* © Blood samples were collected from five of 
the neonates every 24 hours for 72 hours. Neonatal 
urine samples were also collected as described. The 
goal for each neonate was to obtain six consecutive 12- 
hour samples. However, neonatal collections were 
stopped because of skin irritation associated with the 
collection bags in six of the infants. Data from urine 
samples are expressed as micrograms of drug excreted. 
Meperidine was extracted from plasma and urine as 
previously described.” 
= Semilogarithmic plots showing the disappearance of 
meperidine and normeperidine in neonatal plasma 
were obtained by plotting concentrations of drugs in 
plasma against time since birth. Plasma half-lives were 
estimated. Fetal/maternal ratios were calculated by di- 
viding the amount of meperidine or normeperidine in 
the cord vein at birth by the amount in the maternal 
vein at birth. Ratios of cord artery. to cord vein were 
calculated by dividing the level of drug in the cord 
artery by the level found in the cord vein. Normeper- 
idine/meperidine ratios were calculated by dividing the 
amount of normeperidine in a given sample by the 
amount of meperidine in the same sample. 


Results 


Patient population, The neonatal clinical character- 
istics are summarized in Table I. One neonate had Ap- 
gar scores of 1 at 1 minute and 7 at 5 minutes. This 
neonate was delivered by emergency cesarean section 
under general anesthesia following prolonged fetal 
heart rate decelerations. There was thick meconium in 
the amniotic fluid, and a fetal scalp blood pH value 
prior to birth was 7.18. The mother had received three 
doses of meperidine (125 mg total) with a drug-to-de- 
livery interval of 426 minutes from the first dose and 
207 minutes from the last. At delivery the levels of 
meperidine and normeperidine in the cord vein were 
110 and 70.68 ng/ml, respectively. The fetal vein/ma- 
ternal vein ratios were 0.94 and 1.05, respectively. This 
infant had the highest level of normeperidine found 
in the study. The infant responded to a narcotic an- 
tagonist and was discharged after an uneventful stay 
in the nursery. 

A second infant had 1- and 5-minute Apgar scores 
of 2. This fetus demonstrated late decelerations in the 
second stage of labor. After a measurement of fetal 
scalp blood pH of 7.32 the patient continued to labor. 
Subsequently there was a fetal heart rate deceleration 
to 60 bpm and a midforceps delivery. The neonate had 
the umbilical cord wrapped tightly around her neck 
three times, was asphyxiated, and required intubation. 
Generalized seizures began approximately 20 minutes 
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Table I. Characteristics of the neonatal study 
population 


Characteristic | Number 


No. of infants 12 


Gestational age (wk) 39.9 + 1.2 
(37-41) 
Birth weight (gm)* 3306 + 501 
(2320-4090) 
Apgar score <7 (n) 
1 min ae 2 
5 min i 
Complications (n) 
<37 weeks’ gestation l 
Cord entanglement 2 
Asphyxia 2 
Narcotic antagonist l 
Large for dates ] 
Small for dates i 
Abnormal at discharge (seizures) ] 





*Mean + SD (range). 


after delivery. The mother had received two intrave- 
nous doses of meperidine (50 mg total) with the first 
25 mg dose at 223 minutes and the second at 208 min- 
utes prior to delivery. Cord vein levels at delivery were 
72,96 and 14.86 ng/ml for meperidine and normeper- 
idine, respectively. The fetal vein/maternal vein ratios 
were 1.12 and 1.04, respectively. Narcotics were not 
thought to be related to the infant’s depression. At 
discharge the infant had an abnormal neurological ex- 
amination and was receiving phenobarbital. 

The mean, standard deviation, and range of the me- 
peridine and normeperidine levels in umbilical vein 
and artery are shown in Table II. A significant rela- 
tionship was observed between the first injection-to- 


' delivery interval and cord vein normeperidine levels 


(r = 0.72, p < 0.5; regression equation, Y = — 2,31 + 
0.13X). | 

Table II also shows the fetal vein/maternal vein ratios 
for both meperidine and normeperidine. There were 
three infants with meperidine fetal vein/maternal vein 
ratios >1, and two of these also had normeperidine 
fetal vein/maternal vein ratios >1. All three infants had 
clinical signs of acidosis and/or the lowest 1-minute Ap- 
gar scores in the study. No significant relationships were 
found between the fetal vein/maternal vein ratios of 
either compound and the interval between the first ad- 
ministration of the drug and delivery. 

The mean and range of the umbilical artery/umbil- 
ical vein ratio of meperidine and normeperidine are 
shown in Table II. The mean drug-to-delivery intervals 
for the mothers of these infants was 242 + 77 minutes. 
Four of five infants had more meperidine in umbilical 
artery plasma than in umbilical vein; the one infant 
who did not have more had the only short drug-to- 
delivery interval (137 minutes). Only one of the five 
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Fig. 1. The relationship between the normeperidine/meper- _ 


idine ratio and the drug-to-delivery interval. 


infants had more normeperidine in umbilical artery 
than in umbilical vein; this infant’s drug-to-delivery in- 
terval was 298 min. 

The proportion of normeperidine to meperidine in 
fetal blood increased significantly with time (Fig. 1) 
(r = 0.96, p<0.01 [Y = —0.21 + 0.00214X] and 
r= 0.91, p< 0.01 [Y = —0.07 + 0.00126X] for um- 
bilical - vein and artery. respectively). The mean (and 
range) normeperidine/meperidine ratios in umbili- 
cal vein and artery respectively at delivery were 
0.37 + 0.38 (0.12 to 1.43) and 0.23 + 0.11 (0.10 to 
0.37). One infant was found with more normeperidine 
than meperidine in the umbilical vein at delivery. This 
infant’s normeperidine/meperidine ratio was 1.43 fol- 
lowing a drug-to-delivery ińterval of 702 minutes from 
the first dose and 2 16 minutes from the second of four 
25 mg doses. 

- Neonatal plasma. Representative neonatal plasma 
profiles of meperidine and normeperidine concentra- 
tions for four of the infants are shown in Fig. 2, A to 
D. A fifth infant had a profile similar to that in Fig. 2, 
C. In all of the infants the meperidine level decreased 
rapidly and the leve] of normeperidine was higher than 
meperidine by the end of the second 24 hours of life. 
In two infants a definite increase in normeperidine level 
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was seen in the first or second day (Fig. 2, A and B); 
in one infant the normeperidine level remained almost 
constant for over 72 hours (Fig. 2, D). 

The half-lives of meperidine and normeperidine are 
shown in Table III. In two infants the normeperidine 
half-life could not be calculated because of the nonlin- 
earity of the disappearance (see Fig. 2, A and D). 

Neonatal urine. Three or more urine samples were 
collected from six infants during the first 72 hours of 
life. Complete collections from three of the infants sug- 
gested that 0.24% of the maternal dose is excreted by 
the infant in the form of meperidine and 0.11% in the 
form of normeperidine. When both compounds are 
combined, 0.36% of the maternal dose is excreted. 

Fig. 3 illustrates the excretion of meperidine and 
normeperidine. Most of the meperidine is excreted be- 
fore the first 24 hours, but both meperidine and nor- 
meperidine are still being excreted when the infants 
are discharged. Neither is excreted in a linear fashion. 
Meperidine excretion increases between 12 and 24 
hours, whereas normeperidine increases steadily for 
the first 36 hours before decreasing. 


Comment 


Study population. The outcomes of two of the preg- 
nancies are relevant to the study. Of particular interest 
is the infant with Apgar scores of | and 7 at birth who 
responded to the narcotic antagonist. The level of me- 
peridine in this infant’s cord vein was not exceptionally 
high compared to that of the rest of the study popu- 
lation, but the level of normeperidine was the highest 
noted. Furthermore, the fetal vein/maternal vein ratios 
were also among the highest noted. Although no con- 
clusions can be drawn from the case of one infant with 
a high normeperidine level, it suggests that with long 
drug-to-delivery intervals a high level of normeperi- 
dine may result, which could certainly add to the effect 
of meperidine already present. 

Also of interest is the severely asphyxiated infant 
whose asphyxia was not thought to be due to narcotic 
depression. In this case the fetal vein/maternal vein 
ratios were again very high even though the absolute 
levels of meperidine and normeperidine were low. This 
suggests that ion trapping of weakly basic drugs in the 
more acidotic fetal tissues may occur.’® % It is well 
known that elevated concentrations of local anesthetic 
agents occur as a result of ion trapping in an acidotic 
environment,’ and meperidine and normeperidine 
would be expected to behave similarly. These two cases 
suggest that more studies are warranted to consider the 
relationships between meperidine and normeperidine 
levels and neonatal outcome. 

' Umbilical cord plasma. Surprisingly high levels of 
bath meperidine and normeperidine were found in 
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Fig. 2. Neonatal plasma concentrations of meperidine and normeperidine. 


Table II. Umbilical vein and artery drug levels at delivery 


Umbilical vein Ii 
Umbilical artery 5 
Umbilical artery/umbilical vein ratio 5 
Fetal vein/maternal vein ratiot 11 


*Mean + SD in ng/ml (range). 
+Mean of ratios, not ratio of means. 


some of the fetal cord plasma samples at delivery. Levels 
as high as 225 ng/ml of meperidine and 71 ng/ml of 
normeperidine were found in umbilical vein at delivery 
following administration of only =125 mg to the 
mother as multiple low doses over long time periods. 
This level of meperidine is as high as that seen in ma- 
ternal plasma shortly after an intravenous injection of 
25 mg,“ and the level of normeperidine is higher than 
that typically found in maternal plasma." Furthermore, 
as reported previously, the levels of normeperidine in- 
crease with time’®" as does the proportion of norme- 
peridine to meperidine. This was aptly illustrated by 
the infant with 702-minute drug-to-delivery interval 


Normeperidine* 
97.81 + 53.8 27.91 + 17.62 
(23-225.2) (8.1-70.7) 
94.35 + 32.94 23.59 + 19.16 
(74-153) (8.1-56.7) 
1.08 + 0.15 0.99 + 0.45 
(0.84-1.22) (0.59-1.76) 
0.73 + 0.28 0.84 + 0.15 
(0.31-1.16) (0.77-1.05) 


and the normeperidine/meperidine ratio of 1.43. 
These findings support the suggestion that accumula- 
tion of both compounds in fetal tissues will occur for 
hours following the last dose of meperidine to the 
mother. Furthermore, this study suggests that the levels 
of normeperidine cannot always be considered negli- 
gible as was once suggested.”"* 

The fetal vein/maternal vein ratios of meperidine 
and normeperidine are similar to what has been re- 
ported.® è 3-15.16 With long drug-to- delivery intervals, 
the fetal vein/maternal vein ratio for the metabolite was 
found to be higher than that of the parent compound, 
which has been reported following intravenous per- 
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Fig. 3. Neonatal urinary excretion of meperidine and nor- 
meperidine. 


fusion of meperidine.’ This may be expected, since the 
metabolite diffusing across the placenta is added to 
what the fetus is producing. 

The umbilical artery/umbilical vein ratios also sup- 
port continued accumulation of both compounds with 
multiple doses. A ratio of 1 would mean that the fetal 
tissues and blood had reached equilibrium and is 
thought to occur about 2 hours following a single 
dose.” In all of the infants with drug-to-delivery inter- 
vals >3 hours, the meperidine ratio was >1. This sug- 
gests that considerable accumulation had occurred and 
that the diffusion gradient was now from fetal tissues 
back into fetal blood. (This was observed with an av- 
erage drug-to-delivery interval from the first dose of 4 
hours and from the last dose of 2 hours.) However, the 
normeperidine umbilical artery/umbilical vein ratio was 
>1 in only one infant, which suggests that normeper- 
idine was still increasing and reaching equilibrium with 
fetal tissues. Higher levels of normeperidine in cord 
artery than in cord vein have been reported previously 
and also demonstrate formation of the metabolite by 
the fetus.® 

Neonatal plasma. In neonatal plasma the half-lives 
of both compounds are prolonged. The plasma me- 
peridine half-lives ranging from 11 to 17 hours are in 
good. agreement with previous reports ranging from 
6.5 to 15 hours? or 12 to 39 hours. The half-lives of 
normeperidine (29-85 hours) were more prolonged 
than that found in one other study.* Furthermore, these 
authors have also noted the increase in normeperidine 
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Table III. Neonatal half-lives of meperidine 
and normeperidine 






Half-life in kours 





Patient No. Normeperidine 
‘|: 11.36" | = 
2 11.55 28.88 
3 17.33 74.52 
4 14.44 84.51 
5 11.55 = 
Mean + SD 13.24 + 2.6 62.63 + 29.7 


levels 24 to 48 hours after birth.? These prolonged lev- 
els of normeperidine may have clinical significance® '° 
and may help to explain some of the adverse effects 
noted days after delivery.” 

Neonatal urine. In neonatal urine the prolonged ex- 
cretion of meperidine and the prolonged and nonlinear 
excretion of normeperidine are consistent with the 
plasma disappearance of these compounds. Further- 
more, the results of this study are similar to what has 
been reported previously following shorter drug-to-de- 
livery intervals.® '*2% However, this study also adds the 
datum that 0.36% of the maternal dose is excreted by 
the neonate in the forms of meperidine and norme- 
peridine during the first 72 hours of life. 

In summary, the purpose of this study was to provide 
information regarding fetal and neonatal meperidine 
and normeperidine levels following multiple doses of 
meperidine to the mother over long periods of time. 
The results of this study show that with multiple doses 
the drug accumulates in fetal tissues because of the 
continued diffusion gradient from maternal to fetal 
tissues.“ Furthermore, ion trapping can occur if the 
fetus is acidotic. Finally, with long drug to delivery in- 
tervals, the levels of normeperidine may become clin- 
ically significant because they can account for 60% or 
more of the total drug present. 

The clinical protocol for the administration of me- 
peridine during labor has changed as more has become 
known about the pharmacology of the drug in the in- 
trapartum period.”**’ The results of this and other re- 
cent studies® '* '* suggest that single doses are better 
than multiple doses for the fetus, since multiple dose 
regimens could lead to maximum accumulation of both 
meperidine and normeperidine in fetal tissues. Phar- 
macologically, the best time to be born following ma- 
ternal analgesia with meperidine would be within 1 
hour or >4 hours after a single, low intravenous 
dose.® 10, 11 j . 
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The frustrations of chronic pelvic pain 
To the Editors: 


I would like to address a number of issues raised by - 


Dr. Slocumb in his paper on chronic pelvic pain (Slo- 
cumb JC. Neurological factors in chronic pelvic pain: 
trigger points and the abdominal pelvic pain syndrome. 
AM J OBSTET GYNECOL 1984;149:536). The subject is 
most important because there is a large number of 
women whose extensive complaints cannot be diag- 
nosed precisely and whose treatment remains unsatis- 
factory. 

I agree with Dr. Slocumb that conditions such as 
functional ovarian cysts, pelvic adhesions and conges- 
tion, the “universal joint syndrome” are, as causes of 
chronic pelvic pain, often merely figments of our frus- 
tration. I believe that the complaints may be psycho- 
somatic, but this hypothesis is difficult to prove.’ Cer- 
tainly our patients generally detest the suggestion that 
their suffering is due to anything other than physical 
disease. Apart from reassurance and support, main- 
stream gynecology has little to offer in the care of these 
patients. ) 

If Dr. Slocumb’s success can be duplicated, patients 
and gynecologists will be indebted to him. However, 
success cannot be evaluated from a mixture of tele- 
phone calls, letters, and office visits. A great many treat- 
ments of this refractory condition have not stood the 
test of time. There may be a very substantial placebo 
effect from the care and treatments provided by Dr. 
Slocumb. Above all, Dr. Slocumb used trigger-point 
injections as well as supportive therapy and medications 
for insomnia, depression, and/or anxiety in his man- 
agement. Which of these helped the most? Outcome 
should be asessed from carefully designed protocols 
and instruments, not from a mixture of treatments 
applied in undescribed proportions. 

Questions should be asked about the pathologic con- 
ditions identified in the dorsal horns. A physical disease 
is postulated in an effort to explain the pain, but emo- 
tional factors are remarked upon, and thus psychoso- 
matics are again invoked. Is there solid evidence of 
dorsal horn malfunction apart from subjective phe- 
nomena such as pain and hypersensitivity? Is it possible 
that higher centers produce whatever disease is iden- 
tified in the dorsal horns? Has Dr. Slocumb given his 
patients another face-saving but scientifically suspect 
_ diagnosis? 

A number of gynecologists have noted that chronic 
pelvic pain patients frequently present with multiple 
nongynecological symptoms such as headaches, leth- 
_argy, irritability, and depressive symptoms.'* While 
' these observations have been uncontrolled, more recent 
controlled studies have shown psychopathologic con- 
ditions in patients with chronic pelvic pain but no de- 
monstrable disease.” ® 
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Much work remains to be done. Meanwhile, I hope 
that gynecologists will continue to perform laparosco- 
pies instead of producing diagnoses unsupported by 
inspection of the internal genitalia. Dr. Slocumb’s suc- 
cess with chronic pelvic pain patients appears to be 
impressive. If his methods can be duplicated, we should 
proceed to investigate the mechanisms involved. 

Ivan K. Strausz, M.D., F.A.C.O.G 
St. Luke’s/Roosevelt Hospital Center 
Amsierdam Avenue at 114th Street 
New York, New York 10025 
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Reply to Strausz 


To the Editors: . 

I would like to thank Dr. Strausz for his questions 
and comments concerning the paper on abdominal- 
pelvic pain. As pointed out by Dr. Strausz, current ther- 
apy for pelvic pain is unsatisfactory and the wide range 
of theories and the degree of operative intervention 
with little improvement is of concern. It was for these 
reasons that I felt it necessary to reassess my gyneco- 
logic skills and began incorporating neurological con- 
cepts in the evaluation of abdominal and pelvic pain. 

The consistent finding of locally tender tissues in the 
abdominal wall, para cervix, dorsal sacrum, and. levator 
muscles all reproducing the same chronic pain sensa- 
tions strongly implicates abnormal neurological thresh- 
olds in both visceral somatic and peripheral sensory 
pain fibers of the T12 and $2-4 dermatomes. The as- 
sociation of onset with physical trauma such as that after 
an operation, rape, delivery, and intrauterine contra- 
ceptive device infections, etc., is commonly followed 
with persistence of the same pain sensations for years 
after resolution of the traumatic process. 

The techniques of reproducing pain with (1) focal 
pressure (single finger, cotton tip, and/or needle tip), 
(2) examination of the abdominal wall by tensing the 
rectus muscles, and (3) blocking of tender tissues with 
a local anesthetic to document extended pain relief be- 
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yond the duration of action of the local anesthetic are 


all necessary in assessing neurological pelvic pain 


syndromes. 

- In any valuable therapy based on clinical criteria, the 
first step in molding the clinical approach is to gain 
experience under many conditions and to describe the 
associations of possible causes, factors, therapies, and 
observed outcomes in a large population. 

The purpose of this paper on chronic pelvic pain 
thus is the description of techniques in diagnoses of 
what appears to be a neurologically mediated pelvic 
pain and the response of local infiltration. In the grow- 
ing field of pain therapy these observations are consis- 
tent with those observed in other chronic pain condi- 
tions such as phantom limb, myofascitis, deafferenta- 
tion syndromes, and other posttrauma chronic pain 
conditions."? 

Dr. Strausz questions whether the placebo effect can 
explain the reported successful response and to what 
extent “supportive therapy and medication” affected 
the outcome. Most of the patients seen in the pain clinic 
had received therepy elsewhere for the pain, 31 had 
hysterectomy for pain, and 61 had laparoscopy with 
the same pain returning after therapy (unpublished 
observations). In the study population all received local 
infiltration, 10% hysterectomy, 14% narcotics primarily 


for postinjection or rebound pain, 6% antidepressants, — 


all for <1 month duration, etc. Supportive therapy then 
was infrequently used and only for short intervals in 
patients with complex clinical findings. 

In a pilot study for our present double-blind saline/ 
. idocaine/bupivacaine study, needling and operating 
room saline injection had no effect on pain response 
in six patients. 

The association of psychological findings of depres- 
sion, insomnia, lethargy, hypochondriases, and hyster- 
ical traits with chronic pelvic pain could as easily be a 
result of chronic pain as it could be a cause of chronic 
pain.’ These findings are not seen in all pain patients, 
and when treated, the condition involves more the re- 
action to pain than the pain itself. These same psycho- 
logical functions have been observed in other painful 
disease states including pelvic pain caused by pathologic 
diseases (endometriosis).* 

The absence of macroscopic disease in dysmenorrhea 
does not exclude what we now understand is a complex 
neurotransmitter process of end-organ ischemia, al- 
tered thresholds with prostaglandin, vasopressin, and 
substance p release.” ° The ability of autologous trans- 
fusions to reproduce symptoms of severe dysmenor- 
rhea even after hysterectomy should raise serious 
questions about unproved but much quoted theories 
that primary dysmenorrhea is a result of the patient’s 
“rejection of her role as a woman.” 

The association of stress and emotional factors in 
patients with pelvic pain should not be ignored, how- 
ever, because the descending control (endorphins) of 
the dorsal horn function in modulating threshold levels 
is well documented. Depression and anxiety lower the 


Correspondence 417 


threshold, and anxiety and depression can be a result 
of neurochemical alterations in central nervous system 
function resulting from chronic pain. Psychological 
events resulting in stress would have the same effect of 
lowering thresholds but would not have to be the cause 
of pain in a patient with a presensitized pelvic threshold 
dysfunction. A Minnesota Multiphasic Personality In- 
ventory evaluation of pain patients and control subjects 
with long-term follow-up is in process. 

Trigger-point infiltration is not a cure but an ob- 
served clinical response to alterations in pain threshold. 
Much needs to be done to understand the role of pelvic 
pain and alterations in peripheral thresholds, including 
a controlled double-blind study. Let us begin by ques- 
tioning these theories that have not explained the con- 


dition and by expanding our tools of evaluation. 


I welcome your questions because each of us assesses 
pain through eyes biased by our past and honed by our 
experiences. Would your questions, however, be the 
same if you modified your examination techniques? 

John C. Slocomb, M.D., S.M.H. 
Department of Obstetrics and Gynecology 
The University of New Mexico School of Medicine 
2211 Lomas Boulevard, Northeast 
Albuquerque, New Mexico 87106 


REFERENCES 


1. Bonica JJ. Neurophysiological and pathological aspects of 
acute and chronic pain. Arch Surg 1977;112:750. 

2. Melzack R. Myofascial triggerpoint relation to acupuncture 
and mechanisms of pain. Arch Phys Med Rehabil 1982; 
62:114. 

3. Travell J, Bigelow NH. Role of somatic trigger areas with 
patterns of hysteria. Psychosom Med 1947;9:353. 


4. Renaer M, Vertommen H, Nijs P, Wagemaus L, Van He- 


melrijck T. Psychological aspects of chronic pelvic pain. AM 
J OBSTET GYNECOL 1979; 134:75. 

5. Yaksh TC, Hammond DL. Peripheral and central sub- 
strates involved in the rostrad transmission of nociceptive 
information. Pain 1982;13:1. 

6. Owman C, Alm P, Sjoberg N. Pelvic autonomic ganglia: 
structure, transmitters, function, and steroid influence. 
Elfvin LG, ed. Autonomic ganglia. New York: Wiley, 
1983:126. 

7. Irwin J, Morse E, Riddick D. Dysmenorrhea induced by 
autologous transfusion. Obstet Gynecol 1981;58:286. 


False phosphatidylglycerol with Helena Fetal Tek 
200 thin-layer chromatography method for fetal 
lung maturity 


To the Editors: 

We read with interest the communication by Barnes 
et al. (AM J OBSTET GYNECOL 1984; 148:347) reporting 
occurrences of respiratory distress of the newborn in 
cases where phosphatidylglycerol had been detected in 
the amniotic fluids. The method of analysis was the 
Helena Fetal Tek 200 system, which was developed by 
Touchstone et al.' We also have utilized this procedure 
in routine analysis and quantified the effects of blood 
contamination with it.” 
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Fig. 1. Amount of pseudo-phosphatidylglycero! found in amniotic fluid, expressed as a ratio to 
sphingomyelin (PG/S ratio). The values are coded as to outcome as discussed in Reference 3, with 
closed triangles representing cases of respiratory distress syndrome; open triangles, mild transient 
difficulty; and closed circles, absence of any respiratory difficulty (delivery within 48 hours). 


In addition, we have recognized and recently re- 
ported the presence of a substance found in most am- 
niotic fluids which imitates phosphatidylglycerol with 
this system.* The substance (“pseudo phosphatidyl- 
glycerol”), of which Dr. Barnes and associates may have 
been unaware, is present in many cases in amounts 
greater than the genuine phosphatidylglycerol. In a 
sample of 75 fluids that had appeared phosphatidyl- 
- glycerol-positive with the original procedure, we found 
20 to be phosphatidylglycerol-negative after the re- 
moval of the contaminating substance. 

The accompanying Fig. 1 shows the amount of 


pseudo phosphatidyiglycerol we found, expressed as a - 


ratio to sphingomyelin. Notably, the cases of respiratory 
distress syndrome in this population had pseudo phos- 
phatidylglycerol as great as a ratio of 0.2, but of these 
cases, four were shown to actually be phosphatidyl- 
glycerol-negative after removal of the pseudo phos- 
phatidylglycerol. 

We believe that the confusion of pseudo-phosphati- 
dylglycerol for phosphatidyiglycerol with this system 
may be an important factor in the results that Barnes 
et al. report. The authors may wish to reanalyze the 
specimens, using the modification we have developed 
to eliminate the interference of “pseudo phosphati- 
dylglycerol” in the Helena method. 

David B. Cotton, M.D. 

Department of Obstetrics and Gynecology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, Texas 77030 

Thomas Spillman, Ph.D. 
Department of Pathology and Laboratory Medicine 
University of Texas Medical School 
6431 Fannin 
Houston, Texas 77030 
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Reply to Cotton and Spillman 


To the Editors: : 

The concept of “pseudo-phosphatidylglycerol” men- 
tioned by Drs. Cotton and Spillman is intriguing (see 
Reference 3 in their letter). It remains an unidentified 
substance, a co-migrator with phosphatidylglycerol 
found resistant to digestion by Bacillus cereus phospho- 
lipase C. It is suggested that a prechromatography step 
of developing the sample on the plates for 70 minutes, 
equilibrating with the solvent for 10 minutes, and air- 
drying for 10 minutes removes pseudo-phosphatidyl- 
glycerol. 

Cotton and Spillman describe a sample of 75 amniotic 
fluids reported initially as phosphatidylglycerol posi- 
tive; however, 20 fluids (27%) were subsequently found 
to be, in fact, PG negative with use of the prechroma- 
tography step. We find this figure high and would ex- 
pect a greater incidence of the respiratory distress syn- 
drome with positive phosphatidylglycerol by use cf our 
current one-dimensional thin-layer chromatography 
method with the Helena Tek 200 system with that per- 
centage of error from contamination. Our experience 
has been that respiratory distress syndrome is rare in 
cases reported as phosphatidylglycerol positive. Whit- 
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tle et al.,' in a series of patients from whom amniotic 
fluid had been collected within 72 hours of delivery, 
reported only three of 532 (0.6%) babies developed 
respiratory distress gree when phosphatidylgly- 
cerol was present. 

- Itis of interest that it is documented? that the diag- 
nostic value of phosphatidylglycerol may be valid only 
when the phospholipids are measured by two-dimen- 
sional thin-layer chromatography. However, Semmer 
et al. report an analysis with the use of one-dimensional 
thin-layer chromatography without the prechromatog- 
raphy step of Cotton and Spillman. In 159 transab- 
_dominal amniotic fluid samples the phosphatidylgly- 
cerol indicated a 98% prediction rate for absence of 
respiratory distress syndrome with a 1.8% false posi- 
tive result corrected to 0%; they concluded that the 
presence of >3% phosphatidylglycerol by means of 


Painter’st method of readily available one-dimensional . 


thin-layer chromatography is consistent with fetal lung 
maturity. The advantages of the unidirectional method 
are a shorter procedure time, the ability to analyze mul- 
tiple samples on a single plate, and the simplicity of a 
single-solvent system. Whether greater accuracy for 
phosphatidylglycerol interpretation is dependent on 
standard quantitative evaluation of phosphatidylgly- 
cerol or the removal of pseudo phosphatidylglycerol 
from amniotic samples may still require investigation. 
A. David Barnes, M.D. 
Paul J. Toot, M.D. 
Sheldon I. Freedman, M.D. 
Departments of Obstetrics, Gynecology and Pathology 
Kern Medical Center! University of California, Los Angeles. 
1830 Flower Street 
Bakersfield, California 93305 
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amniotic fluid. Clin Chem 1980;26:1147-1151. 
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Are CA125 and placental alkaline phosphatase 

the same antigen? 
To the Editors: 

We have read with interest the paper entitled “Ele- 
vation of serum CA125 in carcinomas of the fallopian 
tube, endometrium, and endocervix” (AM J OBSTET 
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GYNECOL 1984; 148:1057), and it would appear that the 
monoclonal antibody OC125 has many properties sim- 
ilar to monoclonal antibodies directed against placental 
alkaline phosphatase’ (also unpublished observations). 
Both CA125 and placental alkaline phosphatase are 
membrane-bound glycoproteins and the ‘M’ form of 
placental alkaline phosphatase has a similar molecular 
weight as CA125.° Their distribution in various tumors 
is similar,>* although as far as we are aware placental 
alkaline phosphatase has not been reported in associ- 
ation with fallopian tube carcinoma. CA125 was initially 
reported as being absent from all normal human tis- 
sues, including fallopian tube, cervix, and endome- 
trium,® but a later study found it to be present in these 
tissues’ with a distribution identical to placental alkaline 
phosphatase.® Placental alkaline phosphatase has also 
been demonstrated in normal lung, testis, and thymus.’ 
However, no comment was made in the later study’ 
about the expression of CA125 by these organs. Both 
placental alkaline phosphatase and CA125 are found 
in association with inflammation,” and a coelomic epi- 
thelial origin is suggested for both. 

Using the monoclonal antibody NDOG,, which rec- 
ognizes the three common allelic forms of placental 
alkaline phosphatase, we have found placental alkaline 
phosphatase in association with 60% of endometrial 
carcinoma, 60% of ovarian carcinoma, and 30% of cer- 
vical carcinoma—a roughly similar distribution to 
CA125. Have the authors investigated the possibility 
that their monoclonal antibody binds a placenta-lke 
alkaline phosphatase activity and may therefore be 
equated with one or many of the forms of placental 
alkaline phosphatase present in normal and tumor 
tissue? 

J. O. Daves, M.R.C.0.G. 
G. M. Stirrat, F.R.C.O.G. 
C. A. Sunderland, Ph.D. 
Ditame f Obstetrics and Gynecology 
Bristol Maternity Hospital 
Southwell Street 
Bristol, England BS2 8EG 
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Reply to Davies et al. 


To the Editors: 

Davies and his colleagues raise an interesting ques- 
tion. In the early characterization of the OC125 anti- 
body by means of indirect immunofluorescence, no 
binding was observed among nonmalignant tissues.’ 
However, in subsequent studies using the 20-fold more 
sensitive biotin-avidin immunoperoxidase technique, 
trace amounts of CA125 have been detected in selected 
normal human tissues including fallopian tube, endo- 
metrium, and endocervix.? Although ‘this is similar to 
that observed with placental alkaline phosphatase,’ 
there are many differences in the tissue distributions 
of placental alkaline phosphatase and CA125, which 
suggests that they are distinct. In contrast to placental 
alkaline phosphatase,‘ when the biotin-avidin immu- 
noperoxidase technique is used, CA125 is not detected 
in normal lung, testis, or thymus.’ There is also a lack 
of OC125. reactivity with placental villi and normal 
ovary? although placental alkaline phosphatase has 
been consistently observed in these tissues. CA125 is 
also not detected in decidua. Therefore, although there 
are some similarities in the tissue distribution of CA125 
and placental alkaline phosphatase, sufficient differ- 
ences are present to suggest that these are distinct 
determinants. Furthermore, preliminary experiments 
assaying for alkaline phosphatase activity in both su- 
pernatant and purified (perchloric acid soluble) antigen 
fractions with CA125 levels as high as 10,000 U/ml have 
been negative (Klug, T. L., Ph.D., personal commu- 
nication). l 

l Jonathan M. Niloff, M.D. 

Robert C. Knapp, M.D. 

Robert C. Bast, Jr., M.D. 
Department of Obstetrics and Gynecology 
Brigham and Women’s Hospital 
75 Francis Street 
Boston, Massachusetts 02115 
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Ruptured corpus luteum with hemoperitoneum 


To the Editors: 

In their discussion of the management of ruptured 
corpus luteum with hemoperitoneum, Hallatt, Steele, 
and Snyder (Am ] OBSTET GYNECOL 1984; 149:5) make 
no mention of operative laparoscopy. In the case of a 
patient who is not in shock, if surgical intervention is 
indicated at all, laparoscopy should be primary and 
usually the definitive operative procedure. Laparotomy 
should be reserved for patients in shock from internal 
blood loss or for situations complicated by extensive 
pelvic or intraperitoneal adhesions. 

A hemorrhagic corpus luteum can generally be 
ablated electrosurgically, by unipolar (occasionally by 
bipolar) techniques. Any one of a number of available 
laparoscopic electrosurgical “pick up” instruments is 
suitable for such a purpose. A cyst can be fenestrated 
and biopsied. The double or multiple puncture tech- 
nique lends itself to such operative maneuvers. The 
Behrman needle (available from Elmed Inc., Addison, 
Illinois) is also frequently useful to stabilize the ovary. 
Most of the old blood of the hemoperitoneum is un- 
clotted and readily aspirated. Fresh bleeding can be 
prevented from clotting by irrigation with a heparin- 
ized saline solution (for instance, 1000 U/1000 ml). 

When a more extensive surgical procedure is indi- 
cated than can be achieved by laparoscopic maneuvers 
alone, consideration should be given to the technique 
of combined laparoscopy and colpctomy'? (also un- 
published observations). Laparotomy should be a rel- 
atively infrequent procedure in the management of 
ruptured corpus luteum with hemoperitoneum. 

While I have no statistical evidence to prove this, it 
is my strong clinical impression that laparoscopic ovar- 
ian surgery results in considerably fewer adhesions and 
is followed by a more rapid recovery than laparotomy. 
The only disadvantage of operative laparoscopic man- 
agement is that concomitant appendectomy cannot or- 
dinarily be performed. 

Hans Freistadt, M.D., Ph.D. 
2721 Olive Highway, Suite 5 
Oroville, California 95965 


REFERENCES 


l. Cherny WB. Colpotomy is alive and well. Ariz Med 
1974;31:754. 

2. Gole GR Jr. The posterior colpotomy. J Arkansas Med Soc 
1967;63:371. 


Volume 151 
Number 3 


Reply to Freistadt 
To the Editors: 

There is no question about the value of laparoscopy 
in the diagnosis of the hemorrhagic ovary. There is 
considerable question as to the advisability of using the 
laparoscope therapeutically for hemostasis and for bi- 
opsy of ovarian pathology. The 173 cases reported were 
regarded as acute surgical emergencies requiring sur- 
gical hemostasis. Most hemorrhagic corpora lutea were 
observed or screened by laparoscopy, especially if min- 
imal bleeding occurred as indicated by a culdocentesis 
fluid hematocrit value under 12%. The surgical man- 
agement of the bleeding ovary by laparoscopy without 
a tissue diagnosis is felt to be risky because of the neo- 
plastic potential of the ovary and the inability to ac- 
curately diagnose the ovarian pathological condition 
with the laparoscope. A B-human chorionic gonado- 
tropin serum test should be done in all of the cases. 
The management of ectopic pregnancy and. ovarian 
pathology via colpotomy remains a controversial sub- 
ject. I am reluctant to use this approach because of the 
` increased risk of infection in the vulnerable ovary. 

Jack G. Hallait, M.D. 
Department of Obstetrics and Gynecology 
Kaiser Permanente Medical Center 
4900 Sunset Boulevard 
Los Angeles, California 90027 


Length of stay for neonates 
To the Editors: 

The paper by Wright, Gardin, and Wright (AM J 
OBSTET GYNECOL 1984;149:848) provides a compar- 
ative analysis of a health maintenance organization and 
a fee-for-service practice. The authors report a shorter 


length of stay for women who received care through ` 


the health maintenance organization. However, they do 
not report the length of stay for neonates in the two 
groups. Since the incidence of prematurity 1s higher in 
the health maintenance organization group, 14.0 versus 
8.4%, one might suspect that the fee-for-service neo- 
natal patients would have shorter stays and perhaps 
negate the economic advantage obtained by the health 
maintenance organization mothers’ shorter stays. 

It would be valuable to know the average length of 
stay for the neonates. I am curious why this information 
was not provided. 

Herman A. Hein, M.D. 
Department of Pediatrics 
University of Iowa Hostitals and Clinics 
Iowa City, Iowa 52242 


Reply to Hein 


To the Editors: 

Dr. Hein raises an interesting question that cannot 
be answered from our data. We did consider including 
certain variables of the babies, but this would have in- 
volved a great variety of pediatricians and other un- 
controllable factors. Our final decision was td limit the 
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review to those events under the control of the five 
obstetricians. 

On the other hand, the same.resources that permit- 
ted the safe, early dismissal of the mothers were avail- 
able also to the babies. 

Charles H. Wright, M.D. 
Comprehensive H ealth Services of Detroit 
6500 John C. Lodge 
Detroit, Michigan 48202 


Ultrasound without history 
To the Editors: 

While the conclusions of O’Brien et al. (O’Brien WF, 
Buck DR, Nash JD. Evaluation of sonography in the 
initial assessment of the gynecologic patient. AM J OB- 
STET GYNECOL 1984;149:598) may be valid, it would 


= seem that their method is flawed. it would surely seem 


by this time and with the evolution of medicine over 
the last hundred years that physicians would recognize 
the enormous amount of art involved in many areas of 
diagnostic medicine and particularly in the specific mo- 
dalities of radiology and ultrasound. A protocol that 
involves having a sonologist read an ultrasound scan 
(probably done by an ultrasound technician) without 
the case history is like asking a radiologist to read a 
chest x-ray film without the history. He may be able to 
give you a broad description of the general nature of 
the chest x-ray film, but he probably provides relatively 
little help if you have a specific problem you are con- 
cerned about. In a similar manner a sonologist evalu- 
ating an ultrasound scan can provide the clinician with 
much more relevant information if he can evaluate that 
scan with the knowledge of the patient’s history. It 
would seem to me almost unethical to expend medical 
dollars for a test that is perhaps only half performed. 
The fact that it was done in an Armed Forces hospital 
does not reduce the cost of the examination. 

It is possible the results of the study might have been 
the same, but the foundation would certainly have been 
stronger if the sonologist had been given adequate pa- 
tient history to aid him in interpreting the information 
from the scan. 

Clark B. Smith, M.D. 


Hillsdale Medical Building 


170 S. Howell Street 
Hillsdale, Michigan 49242 


Reply to Smith 
To the Editors: 

We appreciate the interest of Dr. Smith in our report 
and would like to reply to his comments. 

First, the objective of the study was the use of sonog- 
raphy compared to clinical evaluation by bimanual ex- 
amination. We do not advocate “blinded” reading of 
any diagnostic examination, but this is the only way in 
which comparative evaluation may be accomplished. 

Second, somewhat to our surprise and as reported 
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in the results section, provision of the clinical history 
and physical findings to the radiologist did not result 
in significant improvement in the accuracy of inter- 
pretation. oo 

Finally, as was clearly stated in the report, this in- 
vestigation was a prospective funded investigation dé- 
signed to answer a specific question. For a relatively low 
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cost the results will hopefully allow considerable savings 

by the avoidance of unnecessary sonographic exami- 

nations. l 
William F. O’Brien, M.D. 

Department of Obstetrics and Gynecology 

University of South Florida 

Tampa, Florida 33612 
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_ Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication, All an- 
nouncements carry a charge of $45.00 U.S. and the fee must accompany the 
request to publish. Information will be limited to title of meeting, date, place, 
and an address to obtain further information. Send announcements. and 
payment, payable to this JOURNAL, to The .C. V. Mosby Company, 11830 

~ Westline Industrial Drive, St. Louis, Missouri 63146. 


Changing Practice of Obstetrical Anesthesia for Nor- 


mal and High Risk Pregnancy, March 21-24, 
1985, Hotel Meridien, San Francisco, Califor- 
nia. Sponsored by the University of California 
San Francisco, Department of Anesthesia. For 
further information contact: Anesthesia Re- 


search Foundation Registration Office, Attn. 


Sol M. Shnider, M.D., University of California 
$436, San Francisco, CA 94143. Tel.: (415) 
666-2274. 


Gynecologic Surgery—Current and Future Issues, 
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The George Washington University School 
of Medicine, March 14-16, 1985. Sponsored 
by the Department of Obstetrics and Gyne- 
cology. For further information contact: Ar- 
nold Friedman, M.D., Department of Obstet- 
rics and Gynecology, 2150 Pennsylvania Ave., 


Bound volumes available to subscribers 


N.W., Washington, D. C. 20037. Tel.: (202) 
676-4374. 


Chicago Area Medical Schools Review Course in Ob- 


stetrics and Gynecology, June 10-15, 1985, 
The American Congress Hotel, Chicago, Illi- 
nois. Sponsored by The University of Chicago 
Pritzker School of Medicine. For further in- 
formation contact: CME Office, The Univer- 
sity of Chicago, Box 139, 5841 Maryland, Chi- 
cago, IL 60637. Tel.: (312) 962-1056. 


OB/GYN Courses: “Endocrinology and High Risk 


Pregnancy,” Rome/Dubrovnik, April 17-28, 
1985; “Genetics and Ultrasound,” Dubrovnik/ 
Rome, April.17-28, 1985. For further infor- 
mation contact: Dr. Robert C. Cefalo, Univer- 
sity of North Carolina, 214 McNider Building, 
Chapel Hill, NC 27514. Tel.: (919) 967-5695. 
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| ~ DEPARTMENT OF ha 
- OBSTETRICS AND GYNECOLOGY: 
EAST CAROLINA UNIVERSITY 
SCHOOL OF.MEDICINE 


i The Depaitment of Obstetrics and, Gynecology, 
. East Carolina University, Greenville, North. Carolina 


is now accepting applications for the following cur: 


l rently available academic positions: 


General obstetrics. and gynecology 
- Endocrinology. 
Oncology = 
Fetal-maternal. medicine- . 


Salary and ‘academic. rank. are negotiable." Candi- 


dates should be board eligible/certified in obstet: = 


rics and‘ gynecology or ‘subspecialty board eligi- 
ble/certified: as. applicable; References must. be. 
provided upon: request. Send curriculum vitae to: g 


(D; E. Darnell Jones, M.D. 
` Professor and. Chaifman 
Department of Obstetrics and Gynecology > 
East Carolina. University . 
‘School of Medicine: 
Greenville, NC:.27834 


_- East Carolina. University i is an Equal Opportunity Aiirmative 5 


Action Employer : 


f 


OROVILLE 
HOSPITAL 


 & MEDICAL CENTER, 


two qualified practitioners. Appreciative patients, 


congenial medical staff, and ‘supportive hospital, 


> Obstetrics and Gynecology practice is available for. 


board members’announce the availability of this op- 


' portunity. The practice will serve a. population of 


55,000 people and will be adjacent to a sole commu- 


nity hospital of 100 beds (and growing). The hospital. 
' _ and medical staff is unfettered by HMOs, PPOs and -` 


other restrictions to the practice of medicine. incen- 


tives -include office rehtal pricing, deferral and pee 


porod: waiving of rental fees. 


The. ‘hospital and rhedival center is located in the `| 


_ scenic sierra foothills and offers the unique opportu- 


nity ‘to pursue a professionally fulfilling career 


in a.setting of natural beauty, . superb recreation - ` 


and affordable housing. Sendi inquiry and curriculum 


vitae to: 


Medical Staff Coördinator 


_.. Oroville Hospital and Medical Center 


- '2767 Olive Highway 
a set California 95965 


-S ecialt Review i in Obstetrics and G necolo 
p y ~ April 29 — ‘May 4; 1985 y By 


z Reconmendid by your colleagues - — and there.are a reasons ; why. 


. Comprehensive 6-Day Review 


In-Depth. State of the Art Review ue @ 


_ nostic and therapeutic techniques, and t 
clinical problems encountered in contemporary practice.- 
.. CREOC ‘objectives pertaining to each topic æ are incor-' 


‘They like the fact that we offer a complete, intensive, and ; 
up-to- -date review of Obstetrics and Gynecology, encom- - 


passing the basic sciencés, fundamental ge a diag- 
e important .. 


porated into each lecture, 


Expert Faculty 


They like the diversity of our sai drawn from sever 


from across the U.S, All of our lecturers are selected” 
because of their clinical gia and their teaching - 
ability. nes E ) l 

More than 50 eae of CME peden a 

They like the fact that'we’ve been conducting CME 
courses for more than 50 years, and that we're. accredited 


by the Accreditation Council for. SET Medical- 
Education. 
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GRADUATE — 
SCHOL ae City 


Mail to: 707 South Wood St, Oe JAOB, 4 Chicago, IL 60612 


ka 


` 


Board candidates.and residents in training Deae the 
comprehensive approach. Practicing Obstetricians and 


‘Gynecologists like the authoritative update they receive. 


Once you've attended ‘our Specialty Review in Obstetrics 
_ and Gynecology, we 
colleagues, too, and will. attend again inthe future. 


know you'll recommend it to your 


To find out more about our Specialty Review in Obstetrics 
and Gynecology, and to learn how you can register, mail 


-the coupon below or call toll-free, (800) 621-4651. In 
Chicago area medical schools, and rounded out by lecturers ~ 


IMinois,. call toll-free, (800) 621-4649: 


s Specialty Réview in Obstetrics. and Gynecology 
April 29 — May 4, 1985 


e 48 AMA. Category 1 Credit- Hours i 

e Held at: Holiday Inn- Chicago City Centre 

e Tuition: $600 for practicing pe $450 no fellows 
-and residents in training z 


"The Cook County GRADUATE SCHOOL OF MEDICINE, 


707 South Wood Street, ‘Chicago, Ilinois 60612 


4a Please send me everything I need to know about The Graduate School's 
ore Review i in Dostenic and Gynecology, April 29 — eas 4, 1985. 


bate e Zips. 


‘Toll-free (800). 621-4651. In Illinois, (800) 621-4649. 
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SOUTHERN CALIFORNIA 


General Obstetrics 
Gynecology/Perinatalogists 


Outstanding career opportunities for Board eligible 
certified Perinatalogists and general Obstetrician- 
Gynecologists exist at our Hospital Medical Centers 
located in various parts of Southern California (Los 
Angeles, Orange, San Bernardino and San Diego 
Counties}. 


Facilities include fetal monitoring, laparoscopy, 
sonography, colposcopy, etc. We have internship and 
residency programs as well as university affiliations. 


Excellent benefits include: Paid malpractice, medical 
and dental coverage, continuing education, vacation 
and sick leave, retirement plan, and partnership 
available after two years. 


Please write, including your curriculum vitae and three 
professional references to: 


William G. McCormick, M.D. 

Regional Staffing Coordinator 
Departments of Obstetrics and Gynecology 
‘Southern California Permanente Medical Group 
9985 Sierra Avenue, #410-03 
Fontana, California 92335 


an equal opportunity employer 


OB/GYN 


The Department of Obstetrics and Gynecology at the University 
of Michigan and Planned Parenthood of mid-Michigan are 
seeking an OBSTETRICIAN/GYNECOLOGIST with a primary 
interest in family planning and preventive medicine to function 
. jointly as a tenure-tract faculty member in the Department of 
Obstetrics and Gynecology and as the medical director of 
planned parenthood. Half of the time: will be spent in clinical 
practice, research, and teaching in the Department of Obstet- 
rics and Gynecology at the University of Michigan in programs 
-= related to the expansion of primary obstetrics/gynecology 
health care services. The remainder will be spent as the 
medical director / clinician of planned parenthood with responsi- 
bility for general supervision of medical services and research. 
` Candidates who are board-eligible or board-certified in obstet- 
_ fics and gynecology with additional training, experience, and 
specialization in reproductive health care should apply. Candi- 
dates with an M.P.H. are preferred. 


Reply to: 


Rudi Ansbacher, MD, MS 
Professor and Acting Chairman 
Department of Obstetrics / Gynecology 
Women’s Hospital 
University of Michigan 
Ann Arbor, MI 48109-0010 


The University of Michigan is an equal opportunity/ 
affirmative action employer. 


Code: 29HO 
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| “confidence to: rae: 


“OB/GYN 


AN associate is ; needed to replace a retiring partner i ina 

F busy three member group averaging 350 deliveries'and 
3 jor surgeries per year in-East Central Indiana. 
“Fhe opportunit ‘Offers: i, M 


ve a competitive. first year salary, and benefit packbgd: 


K excellent long term income. potential with fullipart- 
2», nership by the second year _ 


z a assistance with moving and relòcation ; 
E affiliation with’ a modern well: quipped 359 bed funi 















E a ‘service: area Sopulation of over. “150, 000 


"e easy access to metropolitan: Dayton, Cincinnati, 
“and indianapolis ° 


: . excellent local ediiéationat and recreational Or por 
” tunities 


“Breterred candidate will be BE/BC and available. to 
"relocate by. no” dater than: August, 1985. Interested . 
4 candidates. should. forward their curriculum vitae in 


dim Farrar, Physician Placement Specialist 
VHA Physician Placement Services ` 
224 East Broadway - Fifth Floor oo 
to Louisville, Kentucky 40202 or 7 
toed S Call Toll Free = (800)-626-1857 >; 
in Kenw: = (p00) 292-1856 -7e *.. S 


A clamem | Placement 
The future of. ames s mervices 
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a » Voluntary Hospitals of Artie a. inc: (VHA) «© hg 








FLORIDA 
IMMEDIATE OPENING 


Gyn-Reproductive 
Endocrinologist- 
Microsurgeon 


Womens Medical Center of America is seeking a gifted 
specialist in the field of women’s health care. Our state-of- 
the-art facility is equipped to perform microsurgery, laser 
surgery, laparoscopy, hysteroscopy, sonography and 

- colposcopy. 

Here on Florida's fast-growing coast, you'll find 
á bright, sunny economic outlook as well as excellent 
cultural, educational and recreational offerings. 

Candidates must be sub-specialty board certified or 
eligible with a major interest in microsurgery or laser ` 
microsurgery. Benefits include: paid professional liability 
insurance, bonus, educational program, travel and 
expenses, health insurance, vacation and sick time. 


‘For consideration, reply to: 


Womens Medical Center 
of America 


3451 66th Street North, St. Petersburg, Florida 33710 





OBSTETRICS 
AND 
GYNECOLOGY 

FLORIDA 


Outstanding career 

opportunity to associate with 

our well-established, rapidly 
expanding innovative group 
providing comprehensive 
womens health care. 























Candidates must be board 
certified or eligible. Facilities 
include laser, fetal monitors, 
laparoscopy, hysteroscopy, 

sonograph and colposcopy. 


Beautiful location in one of the 
fastest growing areas of the 
country. Excellent benefits include: 
paid prof2ssional liability insurance, 
bonus, educational program, retirement 
plan, health coverage, vacation and sick 
time. Opportunities for research and 
university affiliation. 


For consideration, 
reply to: o 
` WOMENS MEDICAL CENTER 
OF AMERICA 


3451 66th Street North, 

St. Petersburg, 
Florida 

33710 





Pacific Health Associates of Seattle, 105-member 
hospital based, multispecialty group practice 
seeks board certified/eligible staff OB/GYN. Pos- 
ition involves routine and high-risk OB practice; 
consultative responsibility with community pri- 
mary care clinics; outpatient, inpatient and sur- 
gical gynecology; opportunity for research and 


faculty status at the University of Washington. 
Competitive salary/benefits. 


ALSO AVAILABLE 
Resident level opportunity for two physicians to 
assist five full-time obstetricians & gynecologists 
in hospital-based multispecialty practice. Major 
teaching and research facility affiliated with the 
University of ‘Washington. Contact: Philip D. 
Welch, M.D. Chief, OB/GYN Pacific Medical 


Center, 1200 12th Avenue South, Seattle, WA 
98144, (206)326-4180. 


Equal Opportunity Employer 


COLLEGE OF PHYSICIANS & SURGEONS OF COLUMBIA UNIVERSITY 


CURRENT CONCEPTS & 
MANAGEMENT OF 


GYNECOLOGIC NEOPLASMS 


ae Saturday, April 13, 1985 





7 Credit Hours, Category 1, A.M.A.’s Physician’s Recognition’ Award 
(A.C.0.G. approval pending) 


Fee $145 (residents $95); includes syllabus, luncheon and 
refreshments. 


Under the direction of JEN-TA SHEN, M.D., Ph.D., lecturers 
include: 


JACKSON B. BEECHAM, M.D. STANLEY J. ROBBOY, M.D. 

CHRISTOPHER P.CRUM, M.D. ALLAN G. ROSENFIELD, M.D. 

C. PAUL MORROW, M.D. — JEN-TA SHEN, M.D., Ph.D. 
' LEO B. TWIGGS, M.D. 


Designed for gynecologists and obstetricians in training and in practice, the 
course.topics cover basic protocols in managing female genital neoplasms 
and current findings and data on the etiology, clinical behavior, new treatment 
modalities and improved outcomes of those neoplasms. Information pre- 


‘i. sented should enable clinicians to modify, as appropriate, their management 


of patients with gynecologic neoplasms. 


Contact: DR. ELIZABETH C. GERST, Assistant Dean, Continuing Education 
Center, 630 W. 168th St., N.Y., N.Y. 10032; Tel: (212) 694-3682. 
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H| PERINATOLOGIST 


a n a a a 
‘Lutheran General Hospital: is sseking to récrult a- second 

Perinatolagist: for an excellent opportunity In direct:pationt ` 
- care, teaching’ "and cilnical research. Expertise In mover Ii; 


ultrasound, is desirable... 


“Lutheran General-Is’a 700- bed: tesching hospital ‘affiliated E 


i =A.. with the University of Illinois College of Medicine in, Chicago: 


We are a designated perinatal tertiary care center with 3400 
deliveries annually and have an active maternal transport., 
` We have a.new Ob/Gyn residency program and an established 


ae SE _ Family. Practice- Lele ala AJl other. aad divisions: haye Tèsi- i 


-f -dency programis. ` 


“> There isa 36-bed neonatal NICU with five nsonatologiis and 
- a fellowship program: We have a large referral service for 
"f ‘genetic counseling and prenatal: diagnoses, and perform 
more than 750 genetic. amniocenteses annually. ° 


. The hospital: Is. located in an attractive ‘northwest ‘suburb of ' 


Chicago and offers a competitive salary and benefit package’ 


commensurate: with experience and qualifications memang 


a. medical service Incentive plan. 


| Please send your curriculum vitae to’Dr. Haim Elrad, Director: 


of : Matornàl-Fetal Medicine, 
Gynecology:. ~: ` | Or Call 
I © > 312/896-6998 


‘Lutheran General _ 


` Hospital | 
-1775 ee Street_ 


‘Park we il. 
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S ANN Laboratories. 


Division of ‘Obstetrics . 





Premarin gaiss ocak 17A,1ŠA,19A, 20A 0A ! 
ee College. of. Physicians & Surgeons of Columbia apa 
`, University; : ee a 
_ “Course: ieee ete, PE ue DOL 
ote - Compliance Systenis Corporation : me E 
-Pill Dispenser E E OIA 
_ Cook County Graduate. School of Medicine : a 
; Specialty Review „eon a se secon useaiialients ee 33A ` 
_ Digisonics,. Inc. = ma be Bi rot, Sa 
Computer Systems . gis sas Sera DA 
East Carolina University ` - l Aog 
Opportunity ‘Available ........ SE aaa EEE 33A >. 
n Elkins-Sinn, Inc.’ Ce 3 ' e Rab 
= Duramorph’ PF .. S R L29, 30A; 31A, 32A 
-, General Medical COC oe... ees nee Se ee 
| Drionic ` deselect og a eves : rere THA 
' Lutheran General Hospital : alt a oe 
Opportunity. Ayailable cis eeteseeceeeiiesseestesseeereieneries SOA 
Oroville Hospital & Medical Center © = >- 0. 0 
Opportunity Available: deities teseqeceeesieereeere SJA a 
' Ortho Phariniaceutical. Corporation vee: a 
| Ortho-Novum de PT Third Cover; Fourth Cover 
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_ FELLOWSHIP — 7 
-PRENATAL GENETICS - 


“The ‘Depatiment of. ‘Obstetrics and. Gynecol 
Pays and the Division of- Medical Genetics; ` 


_ \ UCLA School of: Medicine, announces the 


availability of a Genetic Prenatal Diagnosis 
- Fellowship. Applicants should be. Board eligi: — 
: ble in obstetrics and gynecology; pediatrics, or. 
'- family practice. ‘The Fellowship includes di- 


|:  dactic training in genetics with emphasisin the ' 
- Clinical application of prenatal diagnosis, -di- 


dactic training in ultrasound techniques: and 
cytogenetic: and biochemical analysis and cel- 
lular morphology: of amnionic fluid cells. Can 
“ didates should apply to: ° i 


Dr. Thomas B. ‘Lebherz 
Director of OB-GYN Clinics + 
Department of Obstetrics. and Gynecology 

U. C; ‘L.A. School of Medicine . 
. 10833 LeConte Avenue 
- Los Angeles, CA 90024 
U. C.L. A. is an Equal Opportunity/Aftirmative Action. 


‘ Employer. . a y 
-. Applications from minority candidates and women are. popi 
: Ta = ` „encouraged. — EEEN 
Pacific Medical Center ee g PE 
-. \‘Gpportunity AVON GDI E si a NAE . 35A 
Purdue Frederick . . E Oe 
' Betadine Gol ecu: SATEET R AA 
i River West Medical Center a ns | a 
-Opportunity Available R PATIN s ak 
Roerig T o 
SCClOOId sonaa POA ET ONRET 22A; 3 A, 24A 
: Southern California Permanente Medical Group ene 
Opportunity available E, T ions aon 
Syniex Inc. a a a a Se 
- Tri-Norinyl  ccccsecieseeieeleseseendveces Second Cier IA, 2A i 
: University of California; Los Angeles School of Medicine 
| ` Fellowship . E EN wanton wah lagen. SOA. 
University. of Michigan. ee A TF 
Opportunity. Available soia a onenn MA 
2 VHA Physician Placement Services : | eae | 
| Opportunity Available I T eee SFA 
W omen’s Medical Center of America De: l 
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ORTHO-NOVUM"* 7/7/7 Tablets (norethindrone/ethiny! estradiol) 

Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethiny! estrad:ol Each light peach tablet contains 
0.75 mg norethindrone and 0035 mg ethinyl estradiol, Each peach tabiet contains 1 mg norethindrone and 
0.035 mg ethinyl estradiol. Each green tadiet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is 2 BRIEF SUMMARY of the complete avai information provided with 
the product and therefore should not be used as the basis for prescribing the product. This summary was prepared 
by from the complete prescribing information certain text, tables, and references. The physician should 
be thoroughly familiar with the complete prescribing information before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 
DOSE-RELATEO RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shawn a 
positive association between the dose of estrogens in oral contraceptives and the risk of thromboembolism For 
this reason, it 1s prudent and in keeping with good principles of therapeutics ta minimize exposure to estrogen. The 
orai contraceptive product prescribed for any given patient should be that product which contaims the least amount 
of estrogen that is compatible with an acceptable pregnancy rate and pahent acceptance. it is recommended that 
new acceptors af oral contraceptives be started on preparations containing 05 mg or less of estrogen 
AINDICATIONS: Oral contraceptives should not be used in women with any of the following conditions: 1. 
Thrombophiebitis or thromboembolic disorders. 2.4 past history of deep vein thrombophlebitis or thramboembo- 
lic disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5. 
Known or suspected estrogen-dependen: neoplasia 6 Unciagnosed, abnormat genital bleeding 7 Grai contracep- 
tive tablets may cause fetal harm when admumstered to a pregnant woman. Oral contraceptive tablets are 
contraindicated in women who are pregnant if the patient becomes pregnant while taking this drug, the patient 
Should be apprised of the potential hazard to the fetus (see WARNINGS. No 3} 8 Benign or malignant liver tumor 
which developed during the use of oral contraceptives or other estrogen-containing products 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contraceptive use. | 
This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in 
women over 35 years of age. Women who use oral contraceptives should be strongly advised nof to smoke. 
The use of oral contraceptives is associated with increased risk of several Serious conditions including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease. hypertension. 
Practitioners prescribing oral contraceptives should be familiar with the following information relating to 
these risks. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS Anincrea sed sk of thramboembolic and 
thrombotic disease associated with the use of oral contraceptives :s well established. Four principa! studies in Great 
Britain and three in the United States have demonstrated an increased nsk of fatal and nonfatal venous 
thromboembolism and strake, both hemorrhagic and thrombotic. These studies estimate that users of oral 
contraceptives are ẹ to 1) mes more hkely than nonusers to develop these diseases without evident cause Overall 
excess mortality due to pulmonary embalism or stroke is on the order of 10 to 3.5 deaths annually per 100.066 
users and increases with age. CEREBROVASCULAR DISORDERS: in a collaborative Amencan Study of cerebrova- 
Scula? disorders in women with and without predisposing causes, it was estimated that the nsk of hemorrhagic 
Stroke was 2.0 times greater in users thar in nonusers and tne risk of thrombotic stroke was 4 Oto 9 Stimes greater 
in users than in nonusers, A prospective study conducted in Great Britain esumated thal former users have a risk for 
all cerebrovascular disease 2 6 times greater than that of nonusers. This isk remamed elevated for at least six years 
after fast oral contraceptive use. A prospective Study conducted in the United States found that past use of oral 
contraceptives was associated with increased rsk of subarachnoid hemorrhage. the relative risk being 5.3 There 
was aiso some evidence from this study that the degree cf risk may be related to duration of oral contraceptive use. 
MYOCARDIAL INFARCTION: An increased risk of myocardial infarction associated with the use of oral contracep- 
tives has been reported confirming a previously suspected association. These studies, conducted in the United 
Kingdom, found, as expected, that the greater the number of underlying nsk factors for coronary artery disease 
{cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes. history of preeclamptic toxemia}, the 
higher the risk of developing myocardial infarction, regardiess of whether the patient was an orai contraceptive us 
or not Ora! contraceptives, however, were found to be a clear additional risk factor. The annual excess case 
{increased sk} of myocardial infarction {fatal and nontatal) in oral contraceptive users was estimated t 
approximately 7 cases per 100.000 women users in the 30-39 age group afd 67 cases per 100.000 wae 
the 40-44 age group. in terms ot relative msk. it has been esumated thal ora! contraceptive user 
een '§ considered a Major predisposing condition to myocardial infarction) are abou 
atal myocardial infarction as nonusers who do not smoke. Oral contraceptive users who: 
about a 5-fold increased risk of fatal infarction compared to users wh 
increased nsk Compared to nonusers whe do no! smoke. Furthermore: 
factor. in determining the importance of these relanve "SKS. fy i 
must be given serous consideration. The Importance: o 
determining relative and absolute risks has not as ye be 
action exists. but perhaps to a lesser exteniestudy SUGGS 
oral contraceptive users persists foliows 
fisk iS related to the duration gid 
adverse reaction reporting sy 
coronary thrombosigag® 
100 meg or more q 

















Same synergistic 
redial infarction in 
Ad that the degree af the residua! 
SA Gata derived from several national 
@ fisk of thromboembolism including 
Gntraceptives Preparations contain 
gher Sof thromboembolism than those contaming 50-80 
ier, that he quantity of estrogen may not be the sole factor 
ed if Mied States. Careful epidemiological studies ta determine the 
i: win progestogen only orai contraceptives have not been performed. 
ve Deen reported in women using these products, and they shouid not be 
wess NAK The risk of thromboembolic and thrombotic disorders. in Doth users and 
Hives. increases with age. Oral contraceptives are, however. an independent risk factor 
“OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A larce prospective study 
ainited Kingdom estimated the mortality rate per 100.000 women per year from diseases of the 
circu tern for users and nonusers of oral contraceptives according to age, smoking habits. and duration at 
use. The overali excess death rate annualiy from curculatory diseases for oral contraceptive users was estimated to 
be 20 per 100.000 {ages 15-34--5/100.090: ages 35-44--33/100,000, ages 45-49-- 140/100'006}. the nsk being 
concentrated in older women. in those wath a long duration of use. and m cigarette smokers. It was not possible, 
however, to examine the interrelationshigs at age, Smoking. and duration of use, nor to compare the effects of 
Continuous versus intermittent use. Although the study showed a 10-foid increase in Geath due to circulatory 
diseases in users for five or more years, ai! of these deaths occurred in women 35 or older. Until larger numbers of 
women under 35 with continuous use tor ‘ive of more years are availabie, itis not possible to assess the magnitude 
of the relative nsk for this younger age group. This study reports that the increased nsk of citCulatory disease 
mortality may persist after the pill is discentinued. Another Study published at the same time confirms a previously 
reported increase of mortality in pill users from cardiovascular disease The Study concluded that the mortality 
associated with ail methods of birth contol 1s low and below that associated with childbirth. with the exception of 
oral contraceptives in women over 40 who smoke. (The rates given for pii oniy/smokers for each age group are for 
Smokers as aclass. For “heavy smokers {more than 15 Cigarettes a day}, the rates given would be about double. for 
“light” smokers [iess than 15 cigarettes a day}, about 50 percent } The mortality associated with oral contraceptive 
use m nonsmokers aver 40 is higher than with any other method of contraception in that age group The lowes! 
mortality is associated with the condom ar diaphragm backed up by early abortion. The risk of thromboembolic and 
thrombotic disease associated with orai contraceptives increases with age after approximately age 30 and. tor 
myocardial mfarction. 1s further increased by hypertension. hypercholesterolemia, Obesity. diabetes, or history of 
preeclamplic toxemia and especially by ogarette smoking. The nsk af myocardial infarction in oral contraceptive 
users is Substantially increased si women age 40 and over, especially those with other nisk factors. The ohysician 
and the patient should be alert to the earliest manifestations of thromboembalic and thrombotic disorders (e.g. 
thrombophlebitis, pulmonary embolism, cerebrovascular insulficrency. coronary occlusion. retinal thrombosis. 
and mesenteric thrombosis). Should ary of these occur of be suspected. the drug should be discontinued 
immediately. A four- to six-fold increased rsk of bostsurgery (hramboembohc complications has been reparted in 
oral contraceptive users |f teasible, oral contraceptives should be discontinued at least four weeks betore sur ery 
of a type associated with an increased risk of thromboembolism or prolonged mmmobiization.2 OCULAR LESIONS 
There have been reports of neuro-ocular lesions such aS Gptic Neuntes or retinal thrombosis associated with the use 
of oral contraceptives Discontinue ora! contraceptive medication if there is unexpiamed. sudden or gradual. partial 
or complete loss of vision onset of proptosis ar diplopia, papilledema. or retinal vascular lesions and Hstttute 
appropriate diagnostic and therapeutic measures. 3. CARCINGMA. Long-term continuous admimstration of ether 
naturai or synthetic estrogen in certain arima! species increases the frequency of carcinoma of the breast. cervix. 
vagina. and hver. Certain synthetic progestogens, none currentiy contained in orai contraceptives, have been noted 
to increase the incwence of mammary nodules, benign and malignant. is dogs. in humans. three case control 
Studies have reported an increased risk of endometnal carcinoma associated with the prolonged use of exogenaus 
estrogen in postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a 
registry of Cases of adenocarcinoma of the endormetnum in women under 40 Of orai Contraceptives Of the cases 
found in women without predisposing risk factors for adenocarcinoma of the endometrium (e.g. regular bleeding 
at the time oral contraceptives were first gyen. polycystic ovaries), nearly ali occurred in women who had used a 
Sequential oral contraceptive. These products are no longer marketed No evidence has been reported suggesting 
an increased nsk of endometrial cancer in users of conventional combinauien or progestogen -only ara! cantracep- 
fives. Several studies have found no mcreases in breast Cancern women laking oral contraceptives or estrogens. 
One study, however. while also noting Co overall increased nsk of breast cancer in women treated with oral 
contraceptives. found an excess nsk in the subgroups of oral contraceptive users with documented benign breast 
disease, A reduced occurrence of benign breast tumors in users of oral contraceptives has been well-documented. 
in summary, there is at present no confirmed evidence trom human Studies ot an increased nsk of cancer associated 
with ora} contraceptives. Close chmcal surveillance of all wormen taking ora! contraceptives 25, nevertheless, 
essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding. apprapnate diagnostic 
measures should be taken to rule out malignancy. Womer witha strong family history of breast cancer or who have 
breast nodules. tibrocystic disease or abnormal Mammograms shouid be monitored with particular care :! they 
elect to use oral contraceptives instead of other methods of contraception. 4 HEPATIC TUMORS. Bemgn hepatic 
adenomas have been found to be assocated with the use of oral contraceptives. One study showed that oral 
contraceptive formulations with high hormonal potency were associated with a higher risk than lower potency 
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formulations and use of ora! contraceptives with high hormonai potency and age over 30 years may further increase 
the woman s risk of hepatocellular adenoma. Although benign hepatic adenomas May rupture ang may cause death” 
through intra-abdominal hemorrhage. This has been reported in short-term as well as long-term users of wab) 


contraceptives Two studies relate risk with duration of use of the contraceptive, the risk beng much greater after- > 
four or more years of oral contraceptive use. While hepatic adenoma is a tare lesion. it Should be consideredan 
women presenting abdominal pain and tenderness. abdorninal mass or shock A few cases of hepatocellular 
carcinoma have been reported in women taking oral contacephves The relationship of these drugs to this type of 


Malignancy is not known at this time. 5 USE IN OR IMMEDIATELY PRECEDING PREGNANCY BIRTH DEFECTS IN 
OFFSPRING. AND MALIGNANCY IN FEMALE OFFSPRING The use of femate sex hormones -both estrogenic and 


progestational agents during early pregnancy may seriously damage the offspring f nas been shown that females |” 
exposed in utero to diethyistibestrol, a nonsteroidal estrogen. have an increased nisk of developing in later life@ 9 - 


form af vaginal or cervical cancer that is ordinarily extremely rare This risk has been estimated to be on the order of 
1 to 4:n 1000 exposures. Although there is no evidence at the present te that oral contraceptives further enhance 


the risk OF developing this type of malignancy, such patents should be monitored with parbcular care they elect to = 


use Oral Contraceptives instead of other methods of contraception. Furthermore, a woh percentage of such expased = 
women (from 30 to 90%) have been found to have epitheta’ changes of the vagina and cervix Although these. 


changes are histologically benign. otis not known whether this condition isa precursor of vaginal malignancy, Male 
chidren so expased may develop abnormalities of the urogenital tract Although simular data are not available with. ao 


ihe use of other estrogens. if cannot be presumed that they would not induce sumilar changes An mereased risk of 
congenital anomalies. meluding heart detects and imb detects. has been reported with the use of sex hormones, 
mciuding oral contraceptives, in pregnancy. One case contro! Study has estimated a 4 7 foid ncrease in nskot 


imb reduction defects in infants exposed in utero to sex hormones {oral Contraceptives, harmonal withdrawal ~ 


tests for pregnancy or attempted treatment for threatened abortion). Some of these exposures were very shart and l 
involved only a tew days of treatment. The data Suggest that the risk af imb reduction defects in exposed fetuses is. 
Somewhat less than one in 1000 five births. in the past. female sex hormones have heen used during pregnancy ir 


ant attempt to treat threatened or habitual abortion There is considerable evidence that astrogens are meffective for. a 
these ind:cations, and there is no evidence from well-contratied studies that progestogens are effective for these 


uses There is some evidence that iriplody and possibly other types of polyploidy are increased among abortuses:. 
from women who become pregnant soon after ceasing oral contraceptives Embryos with these anoma 
vittually always aborted spontaneously. Whether there is an overall increase tn SPENLANGOUS gee 


considered at the time of the fest mussed period {or after 45 days frome 
progestogen only oral contraceptives are used), and further use of oral copt aeeptive 
atg pi i 








recommended that women who discontinue oral contr ) MT 
alternate torm of contraception for a period of ume betore atemptiig io | f 
three months although no precise intormation ie ayailable on which to hase this recommend: 
von of progestagen-only or progestogen- estt eawithdrawal bidena should not be used 
as a test of pregnancy 6 GAL increased isk of surgically confirmed 
gallbladder disease in usergegt: OMe Study, an increased nisk appeared after two. 
years of use and doubled a tha pihe studies, an increased sk was apparent 
between six andtwelve m E AND LIPIOME TABOLIC EFFECTS. A decrease in glucose 
tolerance $ ! E of patients on oral contraceptives. For this reasari. 
t Hliy obServed while receiving oral contraceptives. An increase m- 
$ beet Observed in patents recening oral contraceptives. The cimeal- 
E defined 8 ELEVATED BLOOD PRESSURE An increase in blood pressure 
ing Oral Contracephives In some women hypertension may occur within a few 
eptive use. in the first year of use. the prevalence of women with hypertension 1¢ 
ay be no higher than that of a comparable group of nonusers The prevalence in users wicreases, 
NJET ExGsure. and in the fifth year of use is two and a half to three umes the reported prevalence in 
geis also strongly correlated with the development of hypertension i oral cantracephve users. 
eviously have had hypertension during pregnancy may be more likely to deveion elevation af blood 
ressure when given oral contraceptives. Hypertension that develops as 3 result of taking oral contraceptives 
usualy returns to normal after discontinuing the drug. 9. HEADACHE The onset or exacerbation of migraine or 
development of headache of a new pattern which is recurrent. Persistent. ar severe. requires @scontinuation at oral 
contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Break through bleeding. spotting, and 
amenorrhea are frequent reasons for patents discontinuing orai contraceptives. in breakthrough bleeding, as int all 
cases of irregular bleeding from the vagina. nontunctionai causes should be borne m mind in undiagnosed 
pETSISIENt Of recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or makgnancy if pathalogy has been excluded. time or a change to another formulation may solve the 
problem Changing to an oral contraceptive with a higher estrogen content, while potentially useful inminimunng 
menstrual regularity, should be done only if necessary Since tus may mcrease the ask of thromboembolic disease. 
Women with a past history of ohgomenorrhea or secondary amenorrhea or young women without regular cycles 
may have a tendency to remain anovulatosy or to become amienarrheic after discontinuation af oral contraceptives. 
Women with these preexisting problems should be advised of this possibiity and encouraged to use other 
contraceptive methods. Postuse anovulabon. possibly profonged. May also occur m women without previdus 
ireguiantes. H ECTOPIC PREGNANCY Ectapic as well as intrauterine pregnancy may occur st contraceptive 
failures. 12 BREAST FEEDING Orai contraceptives given in the postpartum penod may mtertere with lactation. 
There may be a decrease in the quantit yand quality of the breast milk Furthermore. a smali fraction of the hormonal 
agents in oral contraceptives has been identified in the miik of mothers recemwing these drugs The effects, f any. on 
the breast-fed chid have not been determined if feasible, the use of oral contracephves should be deferred untd the 
infant has been weaned. PRECAUTIONS: General: 1. A complete medical and family history shouid be taken pnor to 
the itiation of oral contraceptives The pretreatment and periodic physical examinations shouid include speral 
reference to blood pressure. breasts, abdomen and pelvic Organs, nduding Papanicolaou smear and relevant 
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_.. INFORMATION FOR AUTHORS 
Editorial policies 
| The requirements for manuscripts submitted to the American 
= Journal of Obstetrics and Gynecology conform to the “Uniform 
Requirements for Manuscripts Submitted to Biomedical Jour- 
nals” established by the International Committee of Medical 
Journal Editors and published in Annals of Internal Medicine 
1982:96(6):766-71. Certain requirements unique to our JOURNAL 
are provided in Information for Authors, published in each issue of 
the JOURNAL, and in more detail in the Guide to Writing for the 
American Journal of Obstetrics and Gynecology. The latter may 
be obtained from The C. V. Mosby Company or the Editors on 
request. 

Manuscripts should be submitted to one of the three Editors as 
follows: (1) Dr. Brewer—all articles originating from the south- 
eastern quadrant of the United States or Canada and those 
presented before one of the official sponsoring societies; (2) Dr. 
Zuspan—articles from the northeastern quadrant of the United 

States and Japan, articles written for Clinical Opinion and 
Current Development, and Letters to the Editors; (3) Dr. Quilli- 
gan—articles from the north central states (including Ohio), 
states west of the Mississippi, Hawaii, Alaska, and abroad (except 
Japan). 

Most of the provisions of the Copyright Act of 1976 became 
effective on January 1, 1978. Therefore, all manuscripts must be 
accompanied by the following written statement, signed by one 
author: “The undersigned author transfers all copyright ownership 
of the manuscript [title of article] to The C. V. Mosby Company 
in the event the work is published. The undersigned author 
warrants that the article is original, is not under consideration by 

_ another journal, and has not been previously published. I sign for 

. and accept responsibility for releasing this material on behalf of 
any and all co-authors.” Authors will be consulted, when possible, 
regarding republication of their material. 

When submitting a manuscript, an author should include, if 
applicable, a full statement about all submissions and prior reports 
in any medium that might be regarded as prior or duplicate 

ccoo publication of the same or similar work. Articles previously 
~*~ published in another language will not be considered. 
_---s Jt is assumed by the Editors that articles emanating from a 
=< particular institution are submitted with the approval of the 
requisite aythority. Articles dealing with human experimentation 
that require local institutional approval must have this approval 
prior to submission of the article for publication and it should be 
so indicated in the Methods section. Reports of experiments on 
_. animals must indicate which guidelines for the care and use of the 
- amimals were followed. 
_ Statements and opinions expressed in the articles and commu- 
‘nications herein are those of the author(s) and not necessarily 
_ those of the Editor(s) or Publisher and the Editor(s) and Publisher 
disclaim any responsibility or liability for such material. Neither 
the Editor(s) nor the Publisher guarantees, warrants, or endorses 
any product or service advertised in this publication, nor do they 
>. guarantee any claim made by the manufacturer of such product or 
service. 
General. requirements for preparation of ‘manuscripts: 
re -The original and two good-quality copies of the manuscript and 
“thre © glossy rints of illustrations are required: 
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Department of Obstetrics and Gynecology, University 
of Wisconsin Medical School, 600 Highland Ave., 
Madison, WI 53792 


Albert B. Gerbie, Associate Editor 
710 North Fairbanks Court, Chicago, IL 60611 


Manuscripts must be typed double spaced on one side only on 
22 by 28 cm (8 1/2 by 11 inch) white bond paper with 1 inch 
margins at top, bottom, and sides. Number pages consecutively in 
the upper right-hand corner in the following order: title page, — 
abstract, body of text, references, legends, and tables. 

Title page. The title page should contain in sequence the title 
(concise and suitable for indexing purposes); author line with first 
name, middle initial, and last name of all authors and their highest 
academic degree (both M.D. and Ph.D. are acceptable); city(ies), 
state(s) in which the study was conducted; departmental, division- 
al, and institutional affiliations at the time the study was per- — 
formed; acknowledgement of source(s) of support; presented line 
if applicable; disclaimers, if any; name and address of author to 
whom requests for reprints should be addressed (if reprints will — 
not be available, it should be so stated); and name and address of = 
author responsible for correspondence concerning the manuscript. 
if different from author to whom reprint requests are addressed. oo 0o 
At the bottom of the title page supply a short title for the running ae 
head not exceeding 52 characters (including word spaces). 

Abstract page and key words/phrases. On manuscript page two 
is the abstract, also typed double spaced with the required margins — 
and headed by the title of the article and author(s) name. 
Abstracts for regular articles, Current Investigation, Clinical 
Opinion, and Current Development may not exceed 150 words, —— 
Abstracts for case reports and brief communications may noto o 7 
exceed 50 words. Below the abstract list 3 to 5 key words or short ? 
phrases for indexing purposes. : 

Text. Do not hesitate to write your manuscript in the first- A ee 
person, active voice if it is more appropriate to the information you. = 
wish to convey. The passive voice is generally more effective for 40o 
describing techniques or observations since the emphasis ison the. = 

“action” rather than the person performing the action, — ooo g3 

Only standard abbreviations are to be used. Consult the Council Fs 
of Biology Editors Style Manual or the AMA's Manual for ist 
Authors and Editors. Abbreviations in the title are not acceptable. oe 
They should be avoided, if possible, in the abstract. In the te 
they should be kept to a practical minimum. The full term f 
which an abbreviation stands should precede its first use in = 
text unless it is a standard unit of measurement. 

Either the generic, chemical, or proprietary names of drugs may = 
be used. If the generic or chemical name is used, authors may, if 
they desire, insert the proprietary name in parentheses after the- 
first mention in the text, with the name of the manufacturer. and 
city and state. A 

Regular articles are customarily organized into the folion 
sections: an introduction and headings that identify Material and l 
Methods, Results, and Comment. Authors may wish to summa- — 
rize their findings in a short paragraph at the end of the Comment. 
section. This format may not be appropriate for some types. of n 
articles. 

In the introduction, state concisely the purpose and fationae for 
the study and cite only the most pertinent references as back- 
ground. a 

In the Material and Methods section describe briefly (but ins 
sufficient detail to permit other workers to evaluate and reproduce > 
the results) the plan, patients and/or. experimental animals and — 
controls, methods and procedures utilized, and statistical meth- | a 
od(s) employed. | 





In the Results section present the detailed findings. Include 
‘mentions of all tables and/or figures. Avoid duplication of text 
and supporting material. Emphasize only your important observa- 
tions; do not compare your observations to those of others. Such 
comparisons and comments are reserved for the Comment sec- 
= tion. 
= In the Comment section state the importance and significance 
- of your findings but do not repeat the details given in the Results 
ia Section. Limit your opinions to those strictly indicated by the facts 
in your report. Compare your findings with those of others. No 
.. new data should be presented in this section. 
| Acknowledgements. Acknowledge only persons who have made 
= substantive contributions to the study. 
. References, Number references consecutively in the order in 
= which they are mentioned in the text. Use the format of the U.S. 
_ National Library of Medicine in Cumulated Index Medicus. 
Journal titles should also conform to abbreviations used in 
©- Cumulated Index Medicus. 
Illustrations and tables. A reasonable number of halftone and 
line illustrations will be reproduced without charge, but special 
arrangements must be made with the Editors for color reproduc- 
tion. For color photographs, submit original transparencies and 2 
sets of unmounted prints on glossy paper. For black and white 
~ . illustrations, submit 3 sets of 5 by 7 inch (8 by 10 inch maximum) 
. unmounted glossy photographic prints. Figures must be cited 
_ consecutively in the text in Arabic numerals and identified thusly 
on the back of the print (gummed label with author(s) name, title 








of article, number, and top marked clearly). D Do not: use paper 


clips. Legends must accompany all figures; type double spaced on - 


a single sheet of paper if possible and number with manuscript in 
sequence after the references. Titles should be included _ in the E 
legend. not on the print. 
All lettering must be done with commercially available pacte-on Í 
letters (or numbers) or by a professional; typed or freehand 
lettering is not acceptable. Original drawings, appropriately done 
in black India ink, roentgenograms, and other material must be 
submitted as glossy photographic prints. Illustrations will be 
returned only on the author's request. | 
Tables should be typed on separate sheets of paper and included 
at the end of the text, one to a page. They should be numbered in 
Roman numerals. Each table must be cited in sequence at an 
appropriate point in the text. Captions should be brief yet indicate 
clearly the purpose or content of each table and each column 
precisely defined by headings. Abbreviations and special designa- | 
tions should be explained in a footnote to the table. Special 
arrangements must be made with the Editors for elaborate tables 
because of space limitations. 
illustrations and tables should supplement, not duplicate, the 
text; presentation in either one or the other will suffice. 
Permissions and photographic consent. Previously published 
tables and figures must be correctly referenced and written 
permission from the copyright holder included with the manu- 
script. Photographs of identifiable persons must be accompanied 
by signed releases or else all recognizable features masked. 


Estimating length of manuscript 


The length of text material (introduction through Comment section) in regular manuscripts accepted for 
publication normally ranges from 750 to 4200 words (an average of 2000 words). A 4200 word text can 
seldom be accepted, especially if tables and figures are included. The average manuscript of 2000 words of 


text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 5.7 page article in 
the JOURNAL. The 2000 words of text alone make approximately 8 pages of manuscript typed double 
spaced with the required | inch margins (approximately 250 words per page). An average table or figure 
published in the JOURNAL is equivalent to approximately 500 typed words in manuscript. Thus if a greater 
number of illustrations and tables are used, the length of the text should be adjusted accordingly. 




































- Requirements for special sections 
Case reports and brief clinical and basic science communica- 
tions. Limit of 700 words, 2 references. Include abstract of 50 
words maximum, 3 to 5 key words/phrases for indexing purposes, 
and short title. If tables and/or figures or used, an equivalent 
number of words must be deducted from the total (see “Estimat- 
ing Length of Manuscript”). 
Current Investigation. Same requirements as for a regular 
article. 
Clinical Opinion. Limit of 3000 words, 16 references. Include 
_ abstract of 50 to 150 words, 3 to 5 key words/phrases, and short 
- title. Submit to Dr. Zuspan. 
_ Current Development. Limit of 6000 words. Include abstract of 
~ $0 to 150 words, 3 to 5 key words/phrases, and short title. Submit 
=- to Dr. Zuspan. 
Correspondence. Two types of correspondence will be consid- 
` ered for publication. (1) A Letter to the Editors commenting on an 
article that has appeared in the JOURNAL should be brief and 
` directly related to the published article. The editorial staff 
reserves the right to shorten letters if necessary and to make minor 
> editorial alterations without reference to the writer. Letters may 
be published together with a reply from the original author. As 
space for letters is limited, only a selection of letters submitted 
= may be published. (2) A brief case presentation or a short report 
of a pertinent observation in the form of a Letter to the Editors 
| will be considered for publication. All letters should be typed 
double spaced. Letters should be sent to Dr. Zuspan. 
- Announcements. Announcements of major meetings and other 
. significant activities must be received at least 8 weeks before the 
_ desired month of publication. All announcements carry a charge 





of $45.00 U.S. and the fee must accompany the request to publish. 
Information will be limited to title of meeting, date, place, and an 
address to obtain further information. Send announcements and 
payment, payable to this JOURNAL, to The C. V. Mosby Compa- 
ny, 11830 Westline Industrial Drive, St. Louis, Missouri 63146. 
Books. Books received will be listed in the JOURNAL. They 
should be sent to Dr. Gerbie. No books will be returned. 
Reprints. Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and order 
form at the time of publication. Reprints in quantities must be 
ordered from the publisher with the author’s consent. 
Checklist 
—Letter of submission 
—Copyright transfer letter 
—-Original and two xerographic copies of manuscript 
-— Title page 
—Title of article 
-——~Full name(s) and affiliations of author(s) 
-—Author to whom correspondence is to be sent 
—Reprint request line or line stating reprints not ava nabe 
—Short title 
Abstract (double spaced), 3 to 5 key words/phrases 
—~Article proper (double spaced) 
—~References (double spaced), on a separate sheet 
—Legends (double spaced), on a separate sheet 
-~Tables (double spaced), each on a separate sheet 
—lilustrations, properly labeled (three copies of glossy 
prints) 
-Permission to reproduce published material 




















i OBSTET RIC PRACTICE 
Edited by Michael de Swiet, M.D., 
FRCP; with 9 contributors. 

| The fact that two lives are at risk, 

§ and the varying physiology during the 
- course of pregnancy and post partum 








| make the bravest of us need a source 


| of help and instruction. The book 
-edited by Michael de Swiet fulfills this 
| role admirably . . . the book as a 
whole is excellent and highly recom- 


"mended. It is a book to buy.” (The 
~ Lancet} 
| See the book that spans the field.: 


From breathlessness in pregancy to 


| management of drug dependent 


pregnant women, it covers the entire 
gamut of medical disorders in your 
OB patients. You'll find the latest 
details on such problems as auto- 
immune hemolytic anemia and SLE, 
amniotic fluid embolism, treatment of 
acute or chronic thromboembolism, 
treatment of heart failure and dys- 
rhythmias during pregnancy, pre- 
eclampsia and its complications, 
acute renal failure and septic shock, 
systemic lupus erythematosus, 
obstetric management of diabetes, 
endemic goiter, acute adrenal failure, 


| . metabolic bone disease, myasthenia 


gravis, and much more! 

“The physiology of the pregnant 
woman is so altered, and the con- 
straint of the welfare of the fetus is so 
important, that . . . the two widely 
-different fields of obstetrics and 
medicine are needed . . . . | hope 
that the obstetrician who may not 
-always have optimal support, will find 
practical answers to his medical 


| problems here.” (Michael de Swiet, 


from the Preface) 

1984. 534 pages, 53 illustrations. 
(B-1263-2) Mosby distributes this 
Blackwell Scientific Publication. 
$58.95. 


Save time, call FREE: 
1-800-345-8500, ext. 15. 

-Our hotline is open 24 hours a day, 
a days a week. 
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in pelvic infections... 


Copyright © 1985 by Merck & Co.. Inc. 


Artist's concept of the uterus 
and adnexa as viewed through 
a diagnostic laparoscope. 
Pathology includes pelvic 
cellulitis and pelvic 
inflammatory disease. 


*including endometritis, pelvic 
cellulitis, and pelvic 
inflammatory disease caused 
by indicated organisms 





you've proved it to yourself 


MEFOXIN is contraindicated in - proven highly effective 


patients who have shown Over 65 clinical studies document the effectiveness of MEFOXIN in 
hypersensitivity to cefoxitin and the the treatment of gynecological infections, including endormetritis, 
cephalosporin group of antibiotics. pelvic cellulitis, and pelvic inflammatory disease. 

Before therapy with MEFOXIN is 


instituted, careful inquiry should be aa 
made to determine whether the proven stability 
patient has had previous 
hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, 
or other drugs. This product should 


be given with caution to penicillin- > proven utility 


sensitive patients. 


MEFOXIN has become the reference standard for stability against 
beta-lactamases which destroy other antibiotics. 


Current survey data show that obstetricians/gynecologists rely on 
MEFOXIN for the hospital treatment of pelvic infections more often 
than any other single injectable antibiotic. 


Over 6 years of use in hospitals confirms MEFOXIN has a safety 
profile comparable to cephalothin. The most common adverse 
reactions have been local reactions following intravenous or 
intramuscular injection. 


For a Brief Summary 
of Prescribing Information, 
please see following page. 
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Indications and Usage: Treatment—Serious infections caused by susceptible 
Strains of the designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS, including preumonia and lung ab- 
scess, caused by Streptococcus pneumoniae (formerly Diplococcus pneumoniae), 
other streptococci (excluding enterococci, e.g., Strep. faecalis), Staphylococcus au- 
reus (penicillinase and non-penicillinase producing), Escherichia coli, Klebsiella 
species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. aeei tract infections caused by £. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (i.e., Ae wg! P rettgeri, and P 
vulgaris), and Providencia species. Uncomplicated gonorrhea due to Neisseria 
gonorrhoeae (penicillinase and non-penicillinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal ab- 
Scess, caused by E. coli, Klebsiella species, Bacteroides species including the B. 
fragilis po ,§ and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group,§ 
Clostridium species, Peptococcus species, Peptostreptococcus species, and group 
B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae Nabe D. pneumoniae), Staph. au- 
reus (penicillinase and non-penicillinase producing), £. coli, Klebsiella species. and 
Bacteroides species including the B. fragilis groups 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase 
and non-penicillinase producing), Staph. epidermidis, streptococci (excluding en- 
lerococci, e.g., Strep. yond. . Coli, P mirabilis, Klebsiella species, Bacteroides 
species including the B. fragilis group,§ Clostridium species, Peptococcus species, 
and Peptostreptococcus species. 
Although appropriate culture and susceptibility studies should be performed, ther- 
apy may be started while awaiting these results. Cefoxitin is not active in vitro 
against most strains of Pseudomonas aeruginosa and enterococci (e.¢., Strep. 
faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 
Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 
gpu of antibiotics. 

ainge: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 
MADE T0 DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOX- 
ITIN, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION 
TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED 
WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF 
ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN 
OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from mild to life-threatening in severity, 
has been reported with virtually all antibiotics (including 
cephalosporins); therefore, it is important to consider its diagnosis 
when diarrhea develops in association with antibiotic use. Broad-spec- 
trum antibiotics alter normal flora of colon and may permit overgrowth of clostridia: 
a toxin produced by Ciestridium difficile is a primary cause of antibiotic-associated 
colitis. Mild cases may respond to cug discontinuance alone; in more severe 
cases, Management may include sigmoidoscopy, appropriate bacteriologica! stud- 
ies, fluid, electrolyte and protein supplementation, and use of a drug such as oral 
vancomycin; isolation of the patient may be advisable. Other causes of colitis 
should also be considered. | 
Precautions: Total daily dose should be reduced in patients with reduced urinary 
output due to renal insufficiency because high and gc ya serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condi- 
tion is essential. If superinfection occurs, take appropriate measures. Increased 
nephrotoxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 
Interference with Laboratory Tests—High concentrations (>100 mcg/ml) may in- 
terfere with measurement of serum and urine creatinine levels by the Jaffé reaction 
and produce false increases of modest degree in creatinine levels reported: serum 
samples should not be analyzed for creatinine if withdrawn within 2 hours of cefox- 
itin administration. High concentrations may interfere with measurement of urinary 
17-hydroxy-corticosteroids by the Porter-Silber reaction and produce false in- 
creases of modest degree in levels reported. A false-positive reaction for glucose in 
urine has been observed with CLINITEST" reagent tablets. 
Pregnancy—In women of childbearing potential, weigh anticipated benefit against 
possible risks. 
Nursing Mothers—Cefoxitin is excreted in human milk in low concentrations 
Infants and Children—Satety and efficacy in infants from birth to three months 
have not yet been established. In children three months and older, higher doses 
have been associated with increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reac- 
tions following intravenous or intramuscular injection. Other adverse reactions have 
been encountered infrequently. Loca/ Reactions—Thrombophlebitis with intra- 
venous administration; pain, induration, and tenderness after intramuscular injec- 
tions. Allergic Reactions—Rash (including exfoliative dermatitis), pruritus, eosino- 
philia, fever, and other allergic reactions. Gastrointestinal—Symptoms of 
pseudomembranous colitis during or after treatment and, rarely, nausea and vomit- 
ing. Blood—Transient eosinophilia, leukopenia, neutropenia, hemolytic anemia, 
and thrombocytopenia; a positive direct Coombs test may develop in some individ- 
uals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
SGPT, serum LDH, and serum alkaline pospan Renal Function—Elevations in 
serum Creatinine and/or blood urea nitrogen levels and, rarely, acute renal failure. 
Note: In group A beta-hemolytic Streptococcal infections, therapy should be main- 
tained for at least 10 ys to guard against the risk of rheumatic fever or 
poeroen: In stap to and other infections involving a collection of 
pus, Surgical drainage should be carried out-where indicated. Intramuscular injec- 
ions should be well within the body of a relatively large muscle such as the upper 
Outer quadrant of the buttock (i.e., gluteus maximus). aspiration is necessary to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and 
children should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 
1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. MSD 
§B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus ph AD hd 


"Registered trademark of Ames Company, Division of Miles Laboratories, Inc ERCK 
For more detailed information, consult Pork MSD Representative SHAR 

or see Prescribing Information. Merck Sharp & Dohme, HM 
Division of Merck & Co., Inc., West Point, PA 19486 J4MF35 (117) 





PRACTICE 
OPPORTUNITIES IN 
OBSTETRICS 

& GYNECOLOGY 





Physicians are needed for private 
practice opportunities in cities and 
mid-sized communities where National 
Medical Enterprises’ acute care 
hospitals are located: 


CALIFORNIA 
SOUTH CAROLINA 
TENNESSEE 
TEXAS 

ST. LOUIS 

NEW ORLEANS 
CHICAGO 


Establish a solo practice with financial 
and practice management assistance 
provided at no obligation, or join an 

existing group of physicians already on 

staff at an NME hospital. 


National Medical Enterprises is a 
proprietary hospital corporation that 
owns and operates more than 50 
hospitals nationwide. To explore a 
variety of private practice options, 
mail your C.V. with your geographic 
preferences to: 





Manager, Physician Relations 
NATIONAL MEDICAL nme 

ENTERPRISES, INC. 

P.O. Box 2140 

Santa Monica, CA 90406 








The package 
patients want. 


.7 out of 10 prospective OC patients prefer the discreet 
Syntex Wallette™ pill dispenser to Orthos Dialpak. 





Available in the Wallette” pill dispenser:* 


TRI-NORINYEL zies progestin in the quantities 


7 blue tablets containing 0.5 mg norethindrone tablets needed tor excellent full-cycle 





S green lablats containing 10 mg noraihindióis breakthrough bleeding control and 

$ blue tablets containing 0.5 mg norethindrone the lowest hormonal content in 

with 0.035 mg ethiny! estradiol. ie norethindrone-based phasic contra- 
r t t taining inert ingredien Bs 

erber abee inthe AdE COMERT daii ception. Ideal for new start or 


re-start patients. 


onvenient Sunday- Y - The low-dose OC to choose when 
eon x be E y k NORIN L t35 constant progestin is preferred. 
start/day of t e-wee (1 mg norethindrone and t bl t 

format. (5th-day start 0.035 mg ethinyl estradiol) ee 


option for all products ‘ Also available: 


except Tri- Norinyl.) NOR | NYĽ THO taniets 


(1 mg norethindrone and 0.05 mg mestranol) 


NORINYL T80 vieis 


START HERE (1 mg norethindrone and 0.08 mg mestranol) 
SUN MON TUE THUR FRI ® 
BREVICON ieviets 


WED SAT 
D { > ey F d l he ; (0.5 mg norethindrone and 0.035 mg ethinyl estradiol) 
> v > > > $ Des 
Sa 


TRI- NORINYL 
28-DAY Tablets 


(NORETHINDRONE & ETHINYL ESTRADIOL T 











SAT | 
Ka 





WED TUE 


< > 
9.3.9 
4 4 4 


Take one orange tablet 


MON SUN SAT 
Sf A Va 
F 4 #7 


daily after you have taken 4 





Color-coded pill 
card for better 
Patient directions patient/physician 
on back of card. communication. 


(All above products available in 21- and 28-day regimens.) 


*NORINYL® 2 mg (2 mg norethindrone and 01 mg mestranol) tablets and NOR-Q.D® 
(norethindrone) tablets 0.35 mg are currently supplied in their original packaging. 


Serious as well as minor side effects have been reported following the use of all 
oral contraceptives. These include thromboembolic disease. Please see brief 
© 1984 Syntex Laboratories, Inc. summary of full prescribing information on next page. 


TRI - NORINYL” 21-Day Tablets (each blue tablet contains 
norethindrone 0.5 mg with ethinyl estradiol 0.035 mg and each 
green tablet contains norethindrone 10 mg with ethiny! 
estradiol 0.035 mg 

TRI - NORINYL” 28-Day Tabiets (each blue tablet contains 
norethindrone 0.5 mg with ethiny! estradio! 0.035 mg, each 
green tablet contains norethindrone 10 mg with ethiny! 
estradiol 0.035 mg, and orange tabiets are inert) 
BREVICON” 21-Day Tabiets (norethindrone 0.5 mg with 
ethinyl estradio! 0.035 mg.) 

BREVICON® 25-Day Tablets (21 norethindrone 0.5 mg with 
ethinyi estradiol 0.035 mg. tablets followed by 7 inert tablets} 
NORINYL” 1 + 35 21-Day Tabiets (norethindrone 1 mg. with 
ethinyl estradiol 0.035 mg.) 

NORINYL* 1 + 35 28-Day Tablets (21 norethindrone 1 mg. 
with ethinyl estradiol 0.035 mg. tablets followed by 7 

inert tablets) 

NORINYL” 1+ 50 21-Day Tablets. (norethindrone 1 mg. with 
mestrano! 0.05 mg.) 

NORINYL* 1 + 50 28-Day Tablets (21 norethindrone 1 mg. 
with mestranol 0.05 mg. tablets followed by 7 inert tablets) 
NORINYL* 1 + 80 21 Tablets (norethindrone 1 mg. with 


mestrano! 0.08 mg.) l 

NORINYL” 1 + 80 28-Day Tablets (21 norethindrone 1 mg. 

with mestranol 0.08 mg. tablets followed by 7 inert tabiets) 
NORINYL* 2 mg. Tabiets (norethindrone 2 mg. with 

mestrano! 04 mg.) 

NOR-0.0." (norethindrone) Tablets 0.35 mg. 

indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBO- 
EMBOLISM. Because studies have shown a positive association between OC 
estrogen dose and risk of thromboembolism, it is prudent to minimize estro- 
gen exposure. Prescribe an OC with the least amount of estrogen compatible 
with an acceptable proc rate and patient acceptance. Start new users on 
OCs containing 0.05 mg or less of estrogen. 

Contraindications: 1. Known or suspected pregnancy (see Warning #5). 2. 
Thrambophlebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis ar thromboembolic disorders. 4. Undiagnosed abnormal gen- 
itai bleeding. 5. OCs shouid not be used by women who have or have had any of 
the following: a. cerebral vascular or coronary artery disease, including 
myocardial infarction. b. known or suspected carcinoma of the breast. c. 
known or suspected estrogen dependent neoplasia. d. benign or malignant 
liver tumor that developed during use of OCs of other estrogen containing prod- 
ucts. 


WARNINGS: Cigarette smoking increases the risk of serious cardiovascular 

side effects from OC use. This risk increases with age and with heavy 

(15 or more — day) and is quite marked in women 

ee ee of ane. o use OCs shouid be strongly advised 
0 i 


The use of OCs is associated with increased risk of several serious con- 
ditions including thromboembolism, stroke, myocardial infarction, liver 
tumor, gali bladder disease, visual disturbances. fetal abnormalities, and 
hypertension. Practitioners prescribing OCs should be familiar with the 
following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk 
of thromboembolic and thrombotic disease associated with OC use is estab- 
lished. One study demonstrated an increased felative risk for fatal venous 
thromboembolism and several studies demonstrated it for non-fatal venous 
thromboembolism. They estimate that OC users are 4-11 times more likely than 
nonusers to develop these diseases without evident cause. One British study 
reported an excess death rate of 40% in OC users, most of which resulted from 
cardiovascular disease. Another British study showed a lower death rate in OC 
users than controls: an increase in cardiovascular deaths was seen but w E 
statistically significant. A U.S. prospective study failed to disclose. 
mortality rates from cardiovascular disorders, but a subset ani 
retrospective, case-control study showed significan 
thromboembolism. CEREBROVASCULAR DISO 
demonstrated an increased relative risk for ¢ 
studies. In an American study of cerebro 
without predisposing causes, relatagmish 
as 2.0 times greater and thromb 
than nonusers. A British long-term 
Significant association between O 
gested an association in 1974, but t 
mate the risk. Subarachnoid hemorrhage has be 
use in British and American studies. Smiling al 
accidents: smoking and pili use appear f e than either alone. 
MYOCARDIAL INFARCTION M Increas of MI associated with 
OC use has been reported. One British studyetetind that the greater the number 
of underlying risk factors for coronary artery disease (cigarette smoking, 
hypertension. hypercholesterolemia, oity, diabetes, history of preeclamptic 
toxemia) the higher the risk of developing Mi. regardless of OC use. OCs were 
an additional risk factor. In terms of relative risk. it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
Mi} are twice as likely to have a fatal Mi as nonsmoking nonusers. OF users 
who are smokers have a 5-fold increased risk of fata: infarction compared to 
nonsmoking users, and a 10-12-fold increased risk compared to nonsmoking 
nonusers. The number of cigarettes smoked is important. in determining the 
importance of these relative risks, baseline rates for various age groups must 
be considered. (Estimates ate based on British vital statistics which show acute 
Mi death rates 2-3 times iess than in the U.S. so U.S. death rates could be 
higher.) importance of other predisposing conditions in determining relative and 
absoiute risks has not been quantified: other synergistic actions may exist. 
RISK OF DOSE. Using data from several national adverse reaction reporting sys- 
tems, British investigators concluded that risk of thromboembolism., inciud- 
ing coronary thrombosis, is directly related to estrogen dose in OCs. OCs witn 
0.1 mg or more of estrogen were associated with a higher risk of thromboembe- 
lism than those containing 0.05-0.08 mg but quantity of estrogen may act 
be the sole tactor, This was supported by a U.S. study. A British study found a 
positive association between dose of progestogen or estrogen and certain 
thromboembolic conditions. Swedish authorities noted decreased reporting 
of thromboembolic episodes when higher estrogen preparations were no 
longer prescribed. Careful epidemiological studies to determine degree of 
thromboembolic disease risk associated with progestogen-only OCs have not 
been done. Thromboembolic disease has been reported in women using these 
products, and they should not be considered free of excess risk. PERSISTENCE OF 
RISK. Two studies have suggested an increased risk may persist tor 6 years after 
discontinuation of OC use for cerebrovascular disease and 9 years for MI: another 
study suggested persistence of risk for subarachnoid hemorrhage. ESTIMATE 
OF EXCESS MORTALITY FROM CIRCULATORY DISEASES. A large British 
prospective study estimated mortality rate per 100,000 women per year from 
circulatory system diseases for OC users and nonusers according to age, smok- 
ing habits. and duration of use. The overall annual excess death rate for OC 
users was estimated to be 20700,000 a es 15-34--5/100.000; ages 
35-44 ~-33/100 000; ages 45-49—-14000, p Risk is concentrated in iong- 
term users and in smokers, and may persist after OC discontinuation. Although 
the study showed a 10-fold increase in death due to circulatory diseases in 
users for 5 or more years, ail occurred in women 35 or older. An update pro- 
vided the following rates: ages 15-34--1/6700 for nonsmokers and 1/2000 
for smokers; ages 45 and aver-—1/2500 for nonsmokers and 1/500 for 
smokers. Risk appeared to increase with parity, but act with duration of use 
Untit more women under 35 with continuous use for 5 or more years are avail- 
able. # is not possibile to assess relative risk for this age group. Data trom a 
variety of sources have been analyzed to estimate risk of death associated 
with various methods of contraception. Estimates incluce combined risk of the 
contraceptive method (e.g., thromboembolic and thrombotic disease for OCs} 
plus risk attributable to pregnancy or abortion if the method fails (which 
varies with the effectiveness of the contraceptive method). Data are shown 
in Table 1 below. The study concluded that mortality associated with ali contra- 
ceptive methods is below that of childbirth, except for OCs in women over 40 
who smoke. (Rates given for pill only/smokers for each age are for smokers 
as a class. For “heavy” smokers (more than 15 cigarettes a day). rates would 
be about double: for “light” smokers {less than 15), about hail.) The lowest 
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mortaity is with the condom or diaphragm backed up by early abortion. 
The study also concluded that OC users who smake, especiaily over 30, have 
Greater mortality risk than OC users who do not smoke. 


Tabie 1. Risk of thromboembolic and thrombotic cisease associated with OCs 
increases with age after 30 and. for MI. is further increased by hypertension. 
hyperlipidemias, obesity, diabetes, or history of oreeclamplic toxemia, and 
especially by smoking. The following chart gives 3 gross estimate of risk of 
death trom circulatory disorders associated with OC use. 
SMOKING HABITS AND OTHER PRE DISPOSING 
CONDITIONS—-RISK ASSOCIATED WITH USE OF OCs 





Age Below 30 30-39 40+ 
Heavy smokers c B A 
Light smokers D g § 
Nonsmokers 
{no predisposing conditions} D c.p £ 
Nonsmokers 
(other predisposing conditions} L C.B B.A 


A—Use associated with very high risk. 
B—-Use associated with high risk. 
C— Use associated with moderate tisk. 
O-—lise associated with low risk. 


Physician and patient should be alert to earliest manifestations of thramboem- 
bolic and thrombotic disorders (e.9., thrombophlebitis, pulmonary embolism, 
cerebrovascular insufficiency, coronary occlusion retinal thrombosis. and 
mesenteric thrombosis}. Should any of these occur or be suspected, discon- 
tinue OC immediately. A 4-6 fold increased risk of post-surgery thromboembolic 
complications has been reported in OC users. if feasible, discontinue OCs at 
least 4 weeks belore surgery associated with increased risk of thromboem- 
bolism of prolonged AERON. Betore resuming OC after major surgery 
of bedrest, balance risks af post-surgery thromboembolic complications with 
comtraceptive needs. Data suggest varicose veins substantially increase risk of 
Superficial venous thrombosis of the jeg, the risk depending on severity of the 
varicosities, 2. Ocular Lesions: Neuro-ocular lesions such as optic neuritis 
of retinal thrombosis have been associated with OC use. Discontinue OC it 
there +s unexplained, sudden or gradual, partial o- complete loss of vision: 
onset of proptosis or diplopia: papitledema; or retinal vascular lesions. and 
institute appropriate diagnostic and therapeutic neasures. 3. Carcinoma: 
Long-term continuous administration of natural or synthetic estrogen in cer- 
tain animals increases Certain tumors. benign or malignant. such as breast, 
Cervix. vagina, uterus, ovary, pituitary and liver. Certain synthetic progestagens, 
none currently in OCs, increase the incidence of mammary nodules, benign 
and malignant, in dogs. Several retrospective case-control studies reported an 
incraased relative risk (3.1-13.9 times) associating exdometriat carcinoma with 
prolonged use of estrogens in postmenopausal women. One publication re- 
ported the first 30 cases submitted to a registry of cases of adenocarcinoma 
of the endometrium in women under 40 on OCs. Ot the adenocarcinomas 
found in women without predisposing risk factors for adenocarcinoma of the 
endometrium {¢.g.. irregular bleeding when OCs ware first given, polycystic 
ovaries}, nearly ali occurred in women who had used sequential OCs, which 
are no ionger marketed. No statistical association has been reported sug- 
gesting an increased risk of endometrial cancer in users of conventional com- 
bination or peepee nen OCs. pers 4 individual cases have been reported 
Studies have shown no increased risk of breast cancer to OC or estrogen ysers 
One study found no overall increased risk of breast cancer in OC yee 2 
greater risk was suggested for OC users with documented bast 

ease and for long-term (2-4 years) users. Another sty 
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an increasing risk of breast canca 
which increased with duest 
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ciated with a sien 
of benigns 
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i e was suggested to predict progres- 
te. Study disclosed an increased risk of cancer 
noma in situ) in OC users under 40, particularly 
s over 4 years. There hav? been other reports of 
erplasia of the carvix in OC users. One study reported an 
Bn between OC use and endocervical adenocarcinoma. In summary, 
Bis no contirmed evidence fram human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all CC users is, nevertheless, 
essential. in all cases of undiagnosised persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 
4. Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture 
and hemorrhage of a liver tumor There have been reports associating benign 
or malignant liver tumors with short-term and iong-term OC use. One study 
reported use of OC's with high hormona! potency and age over 30 may further 
increase risk of hepatocellular adenoma. studies celate risk with duration 
of use, risk being much greater after 4 or more years of ase. Long-term OC users 
have an estimated annual incidence of hepatocellular edenoma of 3-4/100,000. 
Although an uncommon lesion. it should be considered in women presenting 
with an ‘acute abdomen.” The tumor may cause serious or fatal hemorrhages. 
Patients with liver tumors have demonstrated variable clinical features which 
may make preoperative diagnosis difficult. Some cases presented because ct 
right upper quadrant masses, while most had signs and symptoms of acute 
intraperitoneal hemorrhage. Routine radiological and faboratory studies may 
not be helpful. Liver scans may show a focal defect. Hepatic arteriography may 
be usefu: in diagnosing primary liver neoplasm. 5. Use in or Immediately Pre- 
ceding Pregnancy, Birth Detects in Offspring, and Malignancy in Female Off- 
spring: Use of female sex hormones—estrogenic and progestational agents— 
during early pregnancy may seriously damage the offsoring. Females exposed 
in utero to diethyistildestrol. a nonsteroidal estrogen, have an increased risk of 
developing in tater life a form of vaginal or cervical cancer that is ordinaril 
extremely rare. This risk has deen estimated to be of the order of 1100 
exposures of jess. Although there is no evidence that OCs further enhance the 
risk of developing this type of malignancy, such OC users should be moni- 
tored with particular care. A ot percentage of women exposed to diethyi- 
stilbestro! (30-90%) have epithelial changes of the vagina and cervix. Although 
these changes are histologically benign. it is not known whether they are a pre- 
cursor of vaginal malignancy. Maie children so eapcsed may develop uro- 
genital tract abnormalities. Although similar data are not available on other 
estrogens, it cannot be presumed that they would not mduce similar changes. 
inqreased risk of congenital anomalies, including heart and limb defects, has 
been reperted foliawing use of sex hormones. including OCs, in pregnancy. 
One case-control study estimated a 4.7-fold increased relative risk of limb- 
reduction defects in infants exposed in utera to sex hormones (OCs. hor- 
monai withdrawal tests for pregnancy or attempted treatment for threatened 
abortion} Some exposures involved only a few days af treatment. Data sug- 
gest risk of limb-reduction defects in exposed fetuses is somewhat jess than 
11006 live births. in a large prospective study, cardiovascular defects in 
children born to women who received female hormones. including OCs, during 
early pregnancy occurred at 18.2/1000 births. compared to 7.8000 for 
children not so exposed in utero. These results are statistically significant. 
A Weish study found a statistically significant excess of neural tube defects 
among offspring of prior OC users {within 3 months) than among controls. 
The incidence of twin births may be increased for women who conceive shortly 
after discontinuing OC use. in the past, femaie sex hormones were used during 
pregnancy in an attempt to treat threatened or habitual abortion. There is 
evidence that estrogens are ineffective, and there is no evidence from well 
controlied studies that progestogens are effective for these uses. There is 
same evidence that trploidy and possibly other types of polypioidy are 
increased among abortuses from women who become pregnant soon after 
ceasing GCs. Embryos with these anomalies are virtuaily always aborted 
spontaneously, Whether there is an overail increase in spontaneous abortion 
of pregnancies conceived soon alter stopping OCs is unknown. if the patient 
has not adhered to the prescribed schedule, consider possible pregnancy 
at the first missed period (or 45 days from the last menstrual period if pro- 
gestogen-oniy OCs are used) and discontinue OC use until pregnancy has 
been rulec out. For any patient who has missed two consecutive periods. ruie 


~ 


out pregnancy before continuing the OC. if pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy Women who discontinue OCs to become pregnant should use 
an alternate form of contraception for a period of time betore attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased fre- 
quency of neural tube defects in women impregnated during the first 3 months 
after cessation of OC use. Do not use progestogen-only or progestogen- 
estrogen combinations to induce withdrawal bleeding as a pregnancy test. 
6. Gail Bladder Disease: Studies report increased risk ot gall biadder disease 
in OC or estrogen users. in one study. an increased risk appeared after 2 years 
of use and doubted after 4-5 years. In another study, an increased risk was ap- 
parent between 6 and 12 months. 7. Carbohydrate and Lipid Metabolic Effects: 
Because a decrease in glucose tolerance has been observed in a significant 
percentage of patients on OCs, prediabetic and diabetic OC users should be 
carefully observed. An increase in triglycerides and total phospholipids has 
been observed in OC users but ‘ts clinical significance is unknown. §. Elevated 
Blood Pressure: An increase in blood pressure has been reported with OC 
use. Hypertension may occur within a few months of beginning OCs. in the 
first year of use. incidence of hypertension may be no higher in OC users than 
in nonusers. incidence in users increases with exposure and in the fifth year 
of use is 2.5-3 times that in the first year Age is strongly correlated with 
hypertension in OC users. Women with a history of elevated bigod pressure 
{hypertension}, preexisting renai disease. history of toxemia or elevated blood 
pressure during pregnancy, familial tendency to hypertension or its conse- 
quences, of history of excessive weight gain or fiuid retention during the men- 
strual cycle may be more likely to develop elevated blood pressure when 
given OCs and should be monitored closely. Even though elevated blood 
pressure may remain within the “normal” range, closely watch elevations. 
particularly for women with other risk factors for cardiovascular disease 
ar stroke. High blood pressure may or may not persist after OC discontinu- 
ation. $. Headache: Discontinue OC and evaluate the cause of onset or exac- 
erbation of migraine or development of a new pattern of headache which 
is recurrent, persistent, of severe. 10. Bleeding irregularities: Breakthrough 
papa spotting, and missed menses often make users discontinue OCs. 
in breakthrough bleeding, as in all cases of irregular bleeding from the vagina, 
consider nonfunctional causes. In undiagnosed persistent or recurrent abnor 
mal bleeding from the vagina, use adequate diagnostic measures to rule out 
pregnancy or malignancy. if pathology has been excluded, lime or ancther 
formulation may solve the problem. While potentially useful in minimizing 
menstrual irregularity, change to an OC with a higher estrogen content only 
if necessary since this may increase risk of thromboembolic disease. Women 
with a meo of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may tend to remain anovulatory or to become amenor- 
rheic after OC discontinuation. Women with these preexisting problems should 
be advised of this and encouraged to use other contraceptive methods. Post- 
use anovulation. poan prolonged, may occur in women without previous 
irregularities. A higher incidence of galactorrhea and of pituitary tumors 
{e.g adenomas} has been associated with amenorrhea in former users corm: 
pared with nonusers. One studigaiie 1é-fold increased incidence of 
pituitary protactin-secretig patients with postpill amenor 
ty: There is evidence of impair 
g OCs in comparison with other 
pears to be independent of duration of use. 
h time. there is an appreciable difference in 
omen tor OC and other groups 30 months after dis- 
wr control. For parous women the difference is not apparent 
RBs after cessation of contraception. 12. Ectopic Pregnancy: Ectopic 
as intrauterine pregnancy may occur in OC failures. In progestogen 
y OC failures. the ratio of ectopic to intrauterine pregnancies is higher than irs 
nonusers, since the drugs are more affective in preventing intrauterine than 
ectopic pregnancies. 13. Breast Feeding: OCs im the postpartum period m 
nterfere with lactation by decreasing quantity and quality of breast milk. A 
small fraction of OC hormonal agents has been identified in milk of mothers 
receiving OCs. Effects, if any, on the breast-fed child have not been deter 
mined. if feasible. defer OC use until the infant has been weaned. Precautions 
GENERAL 1. Take a complete medica! and family history before starting OCs 
Pretreatment and periodic physical exams should include special reference to 
blood pressure, breasts, abdomen and peivic ae including Papanicolaou 
smear and relevant lab tests. As a general rule, OCs should not be prescribed 
for longer than 1 year without another physical. 2. Under the influence of 
estrogen-progestogen preparations. preexisting uterine leiomyomata may 
enlarge. 3. Observe patients with a history of psychic depression and discon 
tinue OCs if depression recurs to a serious degree. Patients oacoming signit 
icantly depressed while anny OCs should stop the OC and use an alternate 
method of contraception to determine whether the Snuten is drug related 
4. OCs may cause some fluid retention. Prescribe with caution, and only witty 
Careful monitoring. in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders. migraine syndrome, asthma 
or cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaun 
dice during pregnancy have an increased risk of recurrence while using OCs 
Discontinue OC if jaundice develops. 6. Steroid hormones may be poorty 
metabolized in patients with impaired liver function and should be admin 
istered with caution in such patients. 7. OC users may have disturbances in. 
normal tryptophan metabolism that may result in a relative pyridoxine deli 
ciency. The clinical significance is unknown. 8. Serum folate levels may be 
depressed by OC use. Since the pregnant woman is predisposed to folate: 
deficiency and incidence of folate deficiency increases with increasing gesta- 
tion, if a woman becomes pregnant shortly after stopping OCs, she may have 
a greater chance ot ae folate deficiency and related complications. 
9. Advise the pathologist of OU use when relevant specimens are submitted. 
10. Certain endocrine and liver function tests and biood components may de 
affected by estrogen-containing OCs. For example: a. increased sulfobromo 
phthatein retention. b. increased prothombin and factors Vil. VHI, IX and X: 
decreased antithrombin 3; increased norepinephrine-induced platelet aggrega- 
difity. c. Increased thyroid binding globulin (TBG) leading to increased circu: 
lating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 
by column. or T4 by radioimmunoassay. Free T3 resin uptake is decreased, 
reflecting the elevated TBG, tree 14 concentration is unaltered. d. Decreased 
pregnandio: excretion. e. Reduced response to metyrapone tesi. f. increased 
phospholipids and triglycerides. g. Temporarily decreased glucose tolerance. 
11. Contact lens wearers who develop visual changes or changes in jens toler- 
ance should be assessed by an ophthalmologist and temporary or permanent 
cessation of wear considered. DRUG INTERACTIONS. OCs may be fess effective 
and there may be increased breakthrough bleeding because of interactions with 
rifampin, isoniazid. ampicillin, tetracycline, neomycin, penicillin V, chioram- 
phenicol, sulfonamides, nitroturantoin, barbiturates, phenytoin, primidone, 
analgesics, tranquilizers, anti migraine preparations, and antihistamines. OCs 
may alter effectiveness of such other drugs as oral anticoagulants. anticonvul- 
sants, tricyclic anti depressants, antihypertensive agents (€.9., guanethidine}. 
vilamins, hypoglycemic agents, tranquilizers, hypnotic preparations. and 
theophylline. CARCINOGENESIS See Warnings. PREGNANCY nancy cate- 
gory X. See Contraindications and Warnings. NURSING MOTHERS See Con- 
traindications and Warnings. Adverse Reactions An increased risk of the 
following serious adverse reactions has been associated with OC use (see 
Warnings}: thrombophiebitis, thrembosis. pulmonary embolism, coronary 
thrombosis, cerebral thrombosis, mesenteric thrombosis, tiver tumors, cerebral 
hemorrhage, hypertension, gall bladder disease, congenital anomalies, neuro- 
ocular lesions, e.g.. retinal thrombosis and optic neuritis, Raynaud's disease, 
arterial thromboembolism. The following adverse reactions have been reported 
in OC users and are believed to be drug related: bieeding irregularities (breax- 
through bieeding, spotting. missed menses during treatment, amenorrhea 
atter treatment}, gastrointestinal symptoms, {nausea, vomiting, bdioating, 
abdominal cramps}, dysmenorrhea, infertiity after discontinuance of treat- 
ment, edema. chioasma or melasma which may persist after drug is discontia- 
ued. breast changes (tenderness, enlargement, and Sestetn) intolerance to 
contact lenses, change in corneal curvature (steepening}, change in weight 
(increase or decreasa}, change in cervical erosion and cervical secretion, possi- 
bie diminution in lactation when given immediately postpartum, cholestatic 
jaundice, migraine, increase in size of uterine ieiomyomata. rash (atlergic:, 
mental depression, reduced tolerance to carbohydrates, vaginal candidiasis, 
prolactin-secreting pituitary tumors, chilblains. The following adverse reactions 
have been reported in OC users and the association has been neither confirmed 
nor retuied: premenstrual-like syndrome, cataracts, changes in libido, chorea. 
changes in appetite, cystitis-like syndrome, headache, nervousness, dizziness, 
hirsutism, lass of hair, erythema muttiforme, erythema nodosum, hermorrha- 
gic eruption, vaginitis, porpyhria, impaired renal function, malignant nephre- 
sclerosis (hemolytic uremic syndrome). information tor the Patient (See Patient 
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Respiratory sinus arrhythmia in the human fetus 
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This study explores the relationship between fetal heart rate variability and fetal breathing movements in 
the term fetus. Fourier analysis was applied to fetal heart rate variability during fetal breathing and 
nonbreathing episodes. A distinct component in the order of 0.7 to 0.95 Hz was demonstrated in fetal heart 
rate variability during breathing episodes. These frequencies have the same distribution as the 
corresponding rate of breathing and therefore indicate that respiratory sinus arrhythmia exists in the term 


fetus. (Am J Osstet GYNECOL 1985;151:425-8.) 


Key words: Fetal heart rate, fetal breathing, respiratory sinus arrhythmia 


The assessment of fetal heart rate variability and its 
significance to fetal well-being have received increased 
attention in recent years.' Variations in heart rate are 
attributed to modulation of the depolarization rate of 
the sinoatrial node by a number of physiologic mech- 
anisms such as blood pressure control, thermoregula- 
tion, and respiration.” 

Respiratory sinus arrhythmia is the phenomenon by 
which respiration influences heart rate in the human.” 
This was proved by utilizing Fourier analysis techniques 
to analyze the interaction between breathing and heart 
rate in the neonate‘ and the adult.’ The results showed 
that the respiratory waveform and the corresponding 
instantaneous heart rate had a common frequency fluc- 
tuation. 

Previous studies that examined the association be- 
tween changes in fetal heart rate and fetal breathing 
movements showed that fetal heart rate variability in- 
creased during breathing episodes.’ This increased fe- 
tal heart rate variability is thought to be a nonrandom 
process. It has also been associated with uterine con- 
tractions,’ mild hypoxemia,” mild acidemia,’ and fetal 
active states.” The purpose of this study was to deter- 
mine whether respiratory sinus arrhythmia exists in the 
term fetus by applying Fourier analysis techniques to 
fetal heart rate variability in a manner that would 
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show components of fetal heart rate variability that are 
frequency related to the rate of fetal breathing 
movements. | 


Material and methods 

Patients. Eighteen healthy women at 38 to 41 weeks 
of gestation were selected for this study. They all gave 
their informed consent. They had no complications of 
pregnancy and had no history of smoking or use of 
any medications (other than ferrous compounds and/ 
or vitamins). The study was performed after sponta- 
neous rupture of membranes and before the onset of 
uterine contractions. 

Data input. The fetal electrocardiograms were ob- 
tained via a scalp electrode and a fetal monitor (Hew- 
lett-Packard, 8030A). Fetal activity was concomitantly 
monitored by an observer using a real-time ultrasound 
scanner (ADR-Ultrasound, 2130, transducer 3.5 mHz). 
Two event markers were used to record fetal breathing _ 
and body movements. A similar system was compared 
by Cousin et al. and Adamson et al.” to an automatic 
tracking system for detection of fetal breathing move- 
ments. They concluded that with the use of real-time 
scanners, coupled with observer-operated event mark- 
ers, it was possible to reliably quantitate the rate and 
incidence of these movements. 


All data inputs (i.e., fetal electrocardiogram, breath- 
ing, gross body movements) were simultaneously re- 
corded on three channels of a four-channel FM tape ~ 


recorder (TEAC Instrumentation, R-60) for a period ae 
of 25 minutes. On replay the signals were fed into a 
microcomputer (Compucolor IH, 32K memory) with a 
sampling rate of 0.1 msec. 

Data selection. An 8-minute study period was se- 
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Fig. 1. Mean spectral densities (SEM) of beat-to-beat vari- 
ability during fetal breathing episodes. The double-headed arrow 
indicates the frequency of fetal breathing (mean + SD). 
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Fig. 2. Mean spectral densities (+ SEM) of beat-to-beat vari- 
ability during “no breathing” episodes. 


- -lected from each patient for further evaluation. Selec- 
tion was arbitrarily comprised of the first four I-minute 
: intervals that contained continuous fetal breathing and 
l “the first four l-minute intervals that contained neither 
fetal breathing nor fetal body movements. Apnea was 
defined as absence of fetal breathing movements for 
->6 seconds. 
_ Data processing. Beat-to-beat intervals were derived 
from the fetal electrocardiogram signal by detecting 
© the time interval between each consecutive R-wave 
_ peak. Beat-to-beat variability was then continuously cal- 
culated as [Tn — T(n — 1)}/[Tn + T(n — 1)} where 
Tn = the nth interbeat interval.” Breathing rate was 
< calculated from breath-to-breath intervals and ex- 
pressed as a mean + SD (in breaths per minute). 
i i Spectral density calculations. The original R-waves 
-occur at irregular intervals whereas the analysis tech- 
“nique used herein needs equal interval samples of the 
beat-to-beat variability function. This was achieved by 
fitting the experimental data with a first-order poly- 
nomial and then sampling this polynomial at equal in- 
tervals of time. Plots of frequency spectra at 0.1 to 1.5 
Hz were obtained by means of a conventional Fourier 
transform algorithm." The sampling rate was chosen 








to satisfy the Nyquist requirement, and the signals were 
filtered to prevent aliasing.” 

Statistical methods, The estimates of spectral den- 
sities of beat-to-beat variability during breathing epi- 
sodes were pooled for all patients (n = 60). Estimates | 
of all nonbreathing episodes were similarly pooled 
(n = 60). Segments of 0.05 Hz increments of the total 
frequency spectra were used to calculate mean spectral 
densities (+SEM) for each of the two states. Student’s 
t test was used to compare the pooled values for breath- 
ing and nonbreathing periods. 


Results 


Fetal outcome. The outcome of each of the preg- 
nancies was entirely normal. All patients delivered vag- 
inally with Apgar scores 28 at | and 5 minutes. Ges- 
tational age was confirmed by neonatal examination. 
Birth weights were appropriate for gestational age. 

Fetal breathing. Four recordings containing contin- 
uous breathing for | minute were obtained from 15 of 
the 18 patients participating in the study. The mean 
breathing rate for these 60 samples was 49 + 8 (SD) 
breaths per minute with a range of 37 to 63 breaths 
per minute (0.61 Hz to 1.05 Hz). 

Power spectrum of beat-to-beat variability. Figs. | 
and 2 shew the mean (+SEM) spectral densities ob- 
tained from 15 fetuses during episodes of breathing 
and nonbreathing respectively. The spectral density 
was significantly higher at the lower frequencies for 
both states. Differences between states were not signif- 
icant. A component of 0.2 to 0.65 Hz was weak or 
negligible for both states. Significantly dominant peaks 
were found between 0.7 and 0.95 Hz during fetal 
breathing (p < 0.01). The frequency distribution of 
these peaks was similar to the rate of breathing 
(Fig. 1). 


Comments 


The relationship between human fetal breathing 


movements and a change in the patterns of fetal heart — 
rate was noted, but not quantified, by Timor-Trisch 
et al.” Several investigators used statistical methods to 
describe the global variations in beat-to-beat variability 
during fetal breathing. Wheeler et al.” found an in- 
crease in both short- and long-term variability during 
breathing episodes. Dawes et al.° examined the fetal 
heart rate via abdominal wall fetal electrocardiograms 
in the presence of fetal breathing and found a mean 
increase of 1 msec in the short-term beat-to-beat vari- 
ability, while the mean fetal heart rate fell by 2.8 bpm. 
These statistical methods tend to destroy the temporal 
sequence of the individual interbeat intervals and 
therefore were not suitable for this study. _ | 
Fourier analysis is an alternative method, since it is 
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a frequency domain technique that is commonly used 
to identify rhythmic variations in a record of physio- 
logic events by decomposing it into its basic frequency 
components. It has previously been used to document 
respiratory sinus arrhythmia in the term neonate’ and 
was chosen for this study because it was likely there 
would be similarities in the control of heart rate vari- 
ability between the newborn infant and the healthy 
term fetus. 

Fourier analysis of beat-to-beat variability was per- 
formed on 60 l-minute breathing samples and 60 1- 
minute nonbreathing samples. The significant finding 
in this study is that consistent frequencies (from 0.7 to 
0.95 Hz) are present in beat-to-beat variability during 
breathing episodes. These frequencies have the same 
distribution as the corresponding rate of breathing 
(Fig. 1) and therefore indicate that respiratory sinus 
arrhythmia exists In utero and is not a consequence of 
the major physiologic changes that accompany birth. 

The mean spectral densities of beat-to-beat variability 
during nonbreathing episodes were slightly elevated 
between 0.7 and 1.05 Hz (Fig. 2). Possible explanations 
for this increase include the following: (1) Some fetal 
a breathing movements might be too slight to be visually 

_ recognized.” (2) Rhythmic breathing movements are 
not an absolute requirement for the appearance of re- 
spiratory sinus arrhythmia. For example, a modulation 
_ of heart rate similar in time course may be seen at the 
onset of an inspiratory breath hold and in animal ex- 
periments in which respiratory movements were 
blocked by curarization."* 

The effect of respiration on heart rate respiratory 
sinus arrhythmia has long been recognized in extra- 
uterine life. Many explanations have been proposed. It 

-has been considered as a lung inflation reflex.” Others 
have suggested that its origin is within the central ner- 

vous system and that it is due to interaction between 
the respiratory centers and the autonomic control of 
heart rate.” Alternatively, increased filling of the right 
atrium during inspiration has been suggested as a cause 
of cardiac acceleration.”' Recent studies of respiratory 
sinus arrhythmia” * are in agreement that the cause 
of respiratory sinus arrhythmia is central modulation 
of the baroreceptor reflex. | 

Both fetal breathing and fetal heart rate variability 
are commonly used for evaluation of fetal well-being.” 
Power spectrum analysis techniques have provided the 
means for quantifying the interaction between these 
biophysical variables. A combined rather than a sepa- 
rate analysis may prove useful because of the fact that 
biophysical activities are initiated and regulated by com- 
plex, integrated central nervous system mechanisms.” 
Also of significance to this concept is the fact that ner- 
vous tissue is the most oxygen-dependent tissue and 
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that modulation of fetal heart rate by breathing could - _ 
provide an indirect measure of an intact and function- 
ing autonomic nervous system. Indeed, it has been pre- 
viously used to detect brain stem dysfunction in the 
infant” and the adult.” 
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Biochemical and morphologic effects of ethanol on fetuses 
from normally ovulating and superovulated mice 


Federico Martinez, M.D., Julio Happa, B.S., and Fernando Arias, M.D., Ph.D. 


l To further our understanding about the teratogenicity of ethanol, we studied the changes produced by this 
> compound in the incorporation of glucose “C into several tissue fractions of 12-day mice fetuses and | 
the morphologic alterations present at day 19 of gestation. Furthermore, to determine if the fetal toxicity of 
‘ethanol was modified by changes in the characteristics of the pregnancy, we performed similar 
biochemical and morphologic observations in fetuses from superovulated mice. Maternal ethanol 
administration caused biochemical alterations in the fetal tissues of both normally ovulating and 
superovulated mice, but it caused morphologic alterations predominantly in fetuses from superovulated 
animals. The prevalent morphologic alteration found in ethanol-treated animals was a hemorrhagic 
lesion dorsal to the lumbar or dorsal vertebrae. These results suggest that superovulation increases the 
susceptibility of the fetal mice tissues to the teratogenic effects of ethanol. (Au J OBSTET GYNECOL 


1985;151:428-33.) 


Key words: Ethanol, teratogenicity, superovulation 


There is considerable evidence indicating that alco- 
hol ingestion during pregnancy has fetotoxic effects. 
. In humans a fetal alcohol syndrome has been found in 
_ the offspring of mothers who had moderate to heavy 
4 alcohol consumption during pregnancy.'® This syn- 
_drome is characterized by a constellation of facial fea- 
_ tures (short palpebral fissures, epicanthic folds. short 
nose, low nasal bridge, narrow upper lip, small chin), 
-by growth retardation, and by psychomotor distur- 
| bances. In experimental animals, alcohol administra- 
tion during pregnancy has failed to produce a char- 
-acteristic morphologic defect, although reduced litter 
-vand embryo size as well as multiple malformations have 
been described.7"' 
© The development of clinical knowledge about the 
< fetal toxicity of ethanol has not been paralleled by ad- 
-vances in understanding the mechanisms leading to the 
`- production of. malformations. In an effort to better 
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understand these mechanisms, we have analyzed some 
of the biochemical changes acutely produced by ethanol 
in 12-day mice fetuses and attempted to correlate these 
changes with the presence of morphologic alterations 
at the end of pregnancy. Then, to determine whether 
or not the effects of ethanol are modified by changes 
in the intrauterine environment, we performed similar 
studies in superovulated mice. 


Material and methods 

Materials. Pregnant mare serum gonadotropin, hu- 
man chorionic gonadotropin, calf thymus DNA, ribo- 
nuclease A (E.C. No. 3.1.4.22), actinomycin D, and di- 
phenylamine were obtained from Sigma Chemical 
Company, St. Louis. Progesterone (pregn-4-ene-3,20- 
dione) was obtained from Steraloids, Inc., Wilton, New 
Hampshire. D-U glucose “C (specific activity, 230 mCi/ 
mmol) was obtained from Amersham, Arlington 
Heights, Hlinois. Amyloglucosidase (1,4-a-pD-glucan 
glucohydrolase, E.C. No. 3.2.1.3) was obtained from 
Boehringer Mannheim, Indianapolis, Indiana. 

Animals. Female ICR mice (Harlan Sprague-Daw ley, 
Indianapolis, Indiana), 6 to 10 weeks of age, were 
housed five per cage, placed in a room with a 1 92-hour 
light/12-hour dark cycle, and fed with Purina Labo- — 
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ae For induction of EE fernale mice were 
ae injected intraperitoneally with 5 U of pregnant mare 
pe serum gonadotropin and, 44 hours later, with 5 U of 

_ human chorionic gonadotropin. The night following 


o the injection of human chorionic gonadotropin the fe- 
= male was placed with a fertile male and the following 
i morning examined for the presence of a vaginal plug. 

-If a vaginal plug was found, that was considered to be 










E day l of the pregnancy. If no vaginal plug was present, 
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aspect of the spine and the skin. 


| malformations, and after fixation in formalin, serial 
transverse sections made with a razor blade through 
the head, thorax, and abdomen were also analyzed." 
For the purpose of evaluating the outcome of preg- 
‘nancy, intrauterine growth retardation was defined as 
birth weight 22 SD below the mean weight of the 19- 
day fetuses obtained from control mice pregnant after 
‘normal ovulation. 

z Preparation of fetal subcellular fractions, Fetuses 
with normal morphologic features were collected 5 
hours after ethanol or saline solution administration 
-and 3 hours after injection of the “nonspecific” radio- 
active precursor and were deposited in cold 0.2N 
_ perchloric acid. The fetuses pooled from an entire litter 
-were homogenized by means of a Potter-Elvehjem ho- 
mogenizer. This material was centrifuged at 2750 x g 
and 4° C for 15 minutes. The supernatant was dis- 
: carded, and further fractionation of the pellet was car- 








Fig. 1. Microscopic appearance of the hemorrhagic lesion frequently found in ethanol-treated mice. 
This section was made in the low dorsal region and shows a large hemorrhage between the posterior 


ried out following the methodology described by 
Krowke et al.'* Briefly, the method consists of repeated 
ethanol/ether extractions to obtain the lipid fraction, 
followed by digestion with ribonuclease (100 pg per ml 
of 0.1 mol/L of Tris-hydrochloride buffer, pH 7.5) to 
separate the RNA fraction, digestion with 0.3N sodium 
hydroxide for 1 hour at 37° C to obtain the glycos- 
aminoglycan fraction, digestion with amyloglucosidase 
(1 mg per ml of 0.1 mol/L of sodium acetate buffer, 
pH 4.9) to obtain the carbohydrate fraction, and diges- 
tion with 0.5N perchloric acid to separate the DNA and 
protein fractions. The amount of radioactivity present 
in each of these fractions was determined by adding an 
aliquot to liquid scintillation fluid and measuring the 
radioactivity in a model LS 330 Beckman scintillation 
counter. The incorporation of the isotope in each sub- 
cellular fraction was calculated and expressed as counts 
per minute per microgram of DNA. DNA was quan- 





















7 tified with use of the diphenylamine method” with calf 
thymus DNA as standard. Ethanol tissue concentrations 
a were measured according to the procedure described 
by Bernt and Gutmann." 
The statistical significance of the biochemical and 
-morphologic differences found among fetuses belong- 
ing to each of the different subgroups was calculated 
with the Student's ¢ test and the x* test. 


Results 
Metabolic and morphologic effects of superovula- 
tion. When animals injected with saline were compared, 
it was found that fetuses from superovulated mice had 
significantly greater “C incorporation into all different 
biochemically biochemical fractions than fetuses from 
~ normally ovulating mice (Table I). Furthermore, sig- 
- nificant differences in the outcome of pregnancy were 
-found between animals pregnant after normal ovula- 
tion and superovulated animals. The number of im- 
plants, resorptions, and fetuses and the instances of 
growth retardation and abnormalities were significantly 
greater in superovulated animals. The mean fetal 
weight was significantly smaller in superovulated ani- 
a mals (Table I). 
eee < Metabolic and morphologic effects of ethanol on 
oe fetuses: from normally ovulating mice. As shown in 
eh Table Ul, ethanol produced a significant increase In 
a “Ci incorporation into all fetal subcellular fractions, ex- 
< ceptthe DNA. With respect to the number of implants, 
number of fetuses, and mean fetal weight, no signifi- 
cant differences were found between control and eth- 
anol-treated fetuses. Also, no significant differences 
a | were. found among ethanol-treated and untreated an- 
-imals with respect to the frequency of resorptions and 
ncidence of fetuses with intrauterine growth re- 
oo dation (Table IV). The ethanol concentration in the 
ae etal tissues was 7.6 + 1.02 pmol per gram. 
With respect to specific malformations, two out of 
151 fetuses (1.9%) in the ethanol-treated group exhib- 
ited severe developmental abnormalities and consisted 
` of a mass of poorly differentiated tissue attached to a 
= small but well-defined placenta, similar to what Bernt 
~ cand Gutmann" have described as severe growth dis- 
organization. The other three abnormal fetuses in the 
o ethanol group presented a large hemorrhage dorsal to 
~~ the lumbar or dorsal vertebrae with the characteristics 
_ of a subcutaneous hematoma (Fig. 1). No hemorrhages 
_ were seen in fetuses from the control group. No visceral 
malformations were found in the ethanol-treated 
group. 
Metabolic and morphologic effects of ethanol in 
_ fetuses from superovulated mice. Fetuses from etha- 
_ nol-treated animals showed significantly greater “C in- 
- corporation than the control animals into all the bio- 
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Table V. Metabolic effects* of ethanol on 
12-day fetuses from superovulated mice 
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*Expressed as counts per minute of “C incor porated in 
each fraction per microgram of DNA + SD. 5 


**Significantly different from the superovulated control 
group (p < 0.01). 


noglycan fraction (Table V). The ethanol concentration 
in fetal tissues of superovulated animals was 5.3 + 1.7 
umol per gram, a value that was not significantly dif- 
ferent from that obtained in normally ovulating an- 
imals. : 

Superovulated animals treated with ethanol exhib- 
ited several significant differences from the super- 
ovulated control group: the ethanol-treated group had _ 
significantly fewer implants and fetuses and signifi- 2 
cantly more fetuses with abnormalities (Table VI. ; 
Forty-nine of the fetuses (20.16%) in. the ethanol- 
treated group exhibited hemorrhagic lesions behind 
the spine, and in one half of these, there was a con- ES 
comitant defect in the overlying soft tissues (Fig. 2). In % | 
contrast, this lesion was present in only 9.95% of the 
superovulated control fetuses, and none of these had = 
the associated skin defect. S 


Comment 


As expected, we found that superovulation caused a 
significant increase in the number of implants and fe- 
tuses and in the incidence of intrauter ine growth re- 
tardation. However, it also caused a significant increase : 
in the number of resorptions and in the number of 
abnormal fetuses. The latter fact suggests that treat- 
ment with gonadotropins may increase the frequency 
of genetically abnormal eggs or may increase the sus- : 
ceptibility of the fetal tissues to multifactorial influ- 
ences. Some investigations’ * are consistent with these 
possibilities, although it is fair to say that most of the 
literature does not support the existence of a cause 
effect relationship between ovulation induction and. 
birth defects.” ; 

Administration of ethanol to mice pregnant after 
normal ovulation caused a significant increase in the- 
incorporation of the nonspecific radioactive precursor. 
into all fetal tissue fractions except the DNA, when 
compared with normally ovulating control mice in- 
jected with saline solution. Surprisingly, these marked o 





Fig. 2. Macroscopic appearance of a severe hemorrhagic lesion 
frequently found in ethanol-treated, superovulated mice. 
-Here the hematoma has opened to the exterior, exposing the 
< lumbar spine. 


: Table VI. Morphologic effects of ethanol on 
_ 19-day mice fetuses conceived after 
es superovulation 
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Resorptions 107 44 
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Number indicates mean occurrence of the event per 
2 al. 


dat fiat metabolism did not result in significant 
differences with the control mice with respect to fetal 
‘morphology at the end of gestation. The discrepancy 
between metabolic effects and morphologic changes 
probably means that under our experimental condi- 
tions the metabolic insult induced by ethanol was not 
Jarge enough, prolonged enough, or repeated often 
enough to cause malformations. | 
















We ana significant differences’ between: f 


from superovulated mice injected with ethanol and fe- oF 
tuses from superovulated control animals treated with Tei 


saline solution. In fact, administration of ethanol re- 
sulted not only in a significant i increase in radioactive 
precursor incorporation into all subcellular fractions, 


but also in a significant increase in the number of ab- 

normal fetuses found at the end of gestation. Since the = 
fetal tissue alcohol concentration was similar in nor- = 
mally ovulating and superovulated mice, our results 


suggest that the metabolic and morphologic effects. of | 
ethanol upon the fetus are magnified when it is ad- 


Y ś 





ministered to mice pregnant after superovulation. Iris oo 
possible (as suggested when normally ovulating and su- o 


perovulated control mice are compared) that super- 
ovulation increases the susceptibility of the fetal tis- 
sues to teratogenic agents and allows a more complete 
expression of both the metabolic and the morphologic 
effects of ethanol on the fetus. 
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Plasma and red blood cell B-endorphin immunoreactivity in 
normal and complicated pregnancies: Gestational age variation 


Mark I. Evans, M.D., Alice M. Fisher, M.A., Alfred G. Robichaux ITI, M.D., 
Richard C. Staton, B.S., David Rodbard, M.D., John W. Larsen, Jr., M.D., and 


Anil B. Mukherjee, M.D., Ph.D. 


Bethesda, Maryland, Washington, D. C., and Fairfax, Virginia 


Recent observations suggest that there may be two pools of B-endorphin—-like immunoreactivity in 
mammalian circulation. One of these pools is present in plasma and the other is detected in association 
with erythrocytes. Elucidation of an erythrocyte-associated pool may explain some of the wide variability of 
plasma B-endorphin levels reported in the literature. We measured B-endorphin immunoreactivity levels 

in 85 normal anc 33 complicated pregnancies to delineate a possible correlation between gestational 

age and B-endorphin immunoreactivity levels in plasma and in erythrocytes. Our results indicate that B- 
endorphin immuncreactivity levels in both plasma and erythrocytes vary systematically throughout the 
gestational pericd, reaching a peak at 31 to 32 weeks of gestation. Amniotic fluids at midgestation were 
also analyzed anc no correlation was observed between the levels of B-endorphin immunoreactivity 

and fetal sex. Compared to normal patients, diabetic patients had significantly lower levels of B-endorphin 
immunoreactivity in plasma and higher levels in erythrocytes although the total B-endorphin 
immunoreactivity was not statistically different from that in normal subjects. We conclude that (1) the total ` 
8-endorphin immunoreactivity level in whole blood is much higher than that reported in plasma, (2) 

both plasma- and erythrocyte-associated 8-endorphin immunoreactivity levels vary with gestational age, 
with a peak levei at 24 to 32 weeks of gestation, (3) amniotic fluid B-endorphin immunoreactivity levels are 
unrelated to fetal sex, and (4) diabetic patients may have a different distribution of B-endorphin 
immunoreactivity pools than normal individuals. (AM J OBsteT GYNECOL 1985;151:433-7.) 


Key words: B-Endorphin, pregnancy, erythrocytes, gestation 


Maternal physiologic adaptation to pregnancy has 
been studied extensively and alterations in many pa- 
rameters throughout gestation have been documented. 
For many indices related to cardiac function and ma- 
ternal stress, it is known that changes in pregnancy tend 
to reach their maximal deviation from prepregnancy 
levels late in the second trimester or early in the third 
trimester. For several of these parameters, deviations 
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from prepregnancy levels tend to diminish when ges- 
tation is approaching term. In labor dramatic changes 
ensue. 

There has been intense interest in the endogenous 
opioid peptides during the past decade. B-Endorphin, 
a 3l-amino acid peptide hormone, is thought to be 
involved in central nervous system mechanisms regu- 
lating pain tolerance’; it has also been shown to mod- 
ulate luteinizing hormone and prolactin secretion by 
the human pituitary.' The main source of B-endorphin 
has been suggested to be the pituitary gland, which 
secretes adrenocorticotropic hormone and f-endor- 
phin concomitantly since both are derived from a com- 
mon 3] kilodalton precursor called proopiomelano- 
cortin.’ B-Endorphin has also been detected in other 
organs and fluids such as umbilical cord plasma,’ 
endocrine pancreas,’ amniotic fluid,* and placenta.‘ 
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It is well appreciated that the opioid peptide is pres- 
ent in the newborn infant and in the fetal circu- 
lation.’ i 

A few studies have made passing reference to pos- 
sible maternal gestational age variation of B-endorphin 
levels or, more correct, B-endorphin immunoreactivity 
in normal pregnancies.”*. Unfortunately the number of 
samples in each category and the division merely into 
trimesters may not have been adequate to detect subtle 
differences. 

Recent observations in our laboratory have suggested 
that measurement of plasma levels of B-endorphin im- 
munoreactivity may underestimate the total circulating 
3-endorphin concentration by as much as 60%." The 
elucidation of an erythrocyte pool of B-endorphin has 
helped to explain the highly variable results that have 
been noted by several groups in many clinical situations 
and indicates the problems associated with hemolyzed 
specimens. The purpose of the present investigation 
was to assess possible changes in B-endorphin immu- 
noreactivity levels in both plasma.and erythrocytes 
throughout the course of normal and complicated 
pregnancies. 


Material and methods 

B-Endorphin immunoreactivity levels in plasma and 
erythrocytes were measured in 118 pregnant women. 
These included 85 normal women at varying gesta- 


tional ages, 11 gestational diabetic patients, nine | 


patients with chronic hypertension, five with other 
medical problems, and eight patients in early labor. 
Specimens were obtained by venipuncture following 
informed consent. B-Endorphin levels were also mea- 
sured retrospectively in 64 amniotic fluid specimens 
obtained at approximately 17 to 18 weeks of gestation 
for cytogenetic.and/or biochemical analvsis. The di- 
_agnoses of the patients were not known to the workers 
who performed the assay for B-endorphin immuno- 
reactivity. Only when all of the results were obtained 
was the diagnosis disclosed to permit analysis of the 
data. 

The method for determining B-endorphin levels in 
erythrocyte lysate has been described in detail.” Briefly, 
venous blood was placed into a polypropylene tube con- 
taining 3.8% sodium citrate as anticoagulant in a pro- 
portion of one part citrate to nine parts blood (v/v). 
This mixture was centrifuged at 1200 g and plasma 
separated, frozen, and lyophilized. The erythrocyte 


pellet was centrifuged and washed twice with two vol- , 


umes of normal! saline solution. The washed cells were 
then lysed by using deionized water in a ratio of 1:1. 
The lysate was frozen and lyophilized. The plasma and 
erythrocyte lysate samples thus prepared were recon- 
stituted with equal volumes of radioimmunoassay 
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buffer and assayed for B-endorphin immunoreactivity. 
The antibody to the New England Nuclear kit (North 
Billerica, Maine) was raised against human B-endor- 
phin in rabbits and has a 50% cross-reactivity with B- 
lipotropin, whereas antibody obtained from Seragen 
(Boston. Mass.) did not have any cross-reactivity with 
B-lipotropin or enkephalins. Neither the Seragen nor 
New England Nuclear antibody crossreacted with hu- 
man albumin, insulin, gamma globulin, leukocyte in- 
terferon, or hemoglobin. The limits of sensitivity are 5 
pg per tube for the New England Nuclear kit and 6 pg 
per tube for the Seragen kit. The radioimmunoassay 
procedure for the Seragen kit was followed as recom- 
mended by the manufacturer; however, the procedure 
for the New England Nuclear kit was modified as fol- 
lows: Reagent volumes were 200 pl; standards, 200 
wl; tracer, 100 pl; antibody, 100 pl; and charcoal/ 


buffer, 600 pl. Reported data are from the New En- 


gland Nuclear kit. The Seragen kit was used to confirm 
the results obtained by using the New England Nuclear 
kit. Data obtained with the Seragen kit were within 
+ 1% of those obtained with the New England Nuclear 
kit and thus confirmatory. 

To test the effects of gestational age in the five groups 
of patients on levels of plasma B-endorphin immuno- 
reactivity, the following analyses were applied: 

1. To obtain homogeneity of variance between the 
groups, the data were log transformed for the subse- 
quent analvsis. 

2. Two-way analyses of variance were performed on 
the transformed data to test the main effects and in- 
teractions between them. | 

3. The hypothesis that each of the group means were 
equal was tested by use of Duncan’s multiple range test. 

4. (a) The graphs of the plasma B-endorphin im- 
munoreactivity levels plotted against time suggested a 
relationship, perhaps a rise and fall or rise and plateau. 
(b) A straight-line fit in the data was attempted for 42 
weeks of gestation but significant nonlinearity in the 
data was found. (c) The subsequent attempt was to fit 
a parabola by using an F test to see if there was a 
significantly better fit than the linear one. Finally, the 
data were split according to time factors into two linear 
segments at the point where the slope of the parabolic 
function was equal to zero. Confidence limits of 95% | 
were calculated for each of these lines to see if they 
were different from zero and hence different from 
each other. 

5. Approximate SEs* were calculated for all data.’ 
SEMs are reported for all data; however, for erythro- 


*Approximate SEs are the difference between the upper 
and lower confidence limits divided by two times the appro- 
priate ¢ value for parameters mapped into the arithmetic scale 
(Table I). 
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Fig. 1. B-Endorphin immunoreactivity curves over gestational age in normal patients. All values are 
reported as picograms per milliliter. A, Plasma 8-endorphin immunoreactivity; B, cellular B-endor- 
phin immunoreactivity; C, total (plasma and cellular). 
Table I. Plasma and erythrocyte B-endorphin immunoreactivity levels in normal pregnancies 
. B-Endorphin immunoreactivity (pg/ml) 
Determination 10-14 wh 15-23 wk 24-32 wk, 32-40 wk 41-42 wk 
Plasma 
N 5.0 11.0 15.0 48.0 6.0 
Mean 95.2 113.1 145.9 139.7 111.8 
SEM +14.7 +13.1 +3 +95.2 +17.6 
Upper confidence limit 136.0 142.3 161.6 150.3 157.0 
Lower confidence limit 54.4 ` 83.9 130.3 129.3 66.6 
Erythrocyte 
N 4.0 6.0 13.0 41.0 6.0 
Mean 122.7 136.7 154.5 134.0 148.1 
SEM 42.3 19.6 13.9 6.8 15.7 
Upper cor fidence limit 316.9 195.9 187.8 148.5 193.8 
Lower corfidence limit 47.5 95.4 127.1 121.0 133.9 


The means ard confidence limits for the erythrocyte B-IR levels were remapped from log computations because of the 


nongaussian distributions of the original data. 


cyte B-endorphin immunoreactivity data in which the 
distribution is not normal, confidence limits are the 
more appropriate measure of variability. 

6. Means and SEMs were calculated for each day of 
gestation wherever sufficient data were available (n >1) 
for plasma, erythrocyte lysate, and total B-endorphin 
immunoreactivity (Fig. 1). When the sample size was 
1, that value was plotted and no error bars were shown. 
Between 8 and 42 weeks of gestation, sample sizes var- 
ied from 2 to 6 with the exception of the thirty-seventh 
week when the sample size was 16. 


Results 


Plasma levels of B-endorphin immunoreactivity were 
found to increase significantly from early in the first 
trimester through approximately 32 weeks of gestation. 
From 32 weeks toward term and post dates, values were 
found to drift slightly downward although they were 
not statistically significant (p > 0.05) (Fig. 1, A, B, and 
C). The B-endorphin immunoreactivity level in eryth- 


rocytes was found to be stable throughout the course 
of pregnancy, and concentrations were higher at all 


. gestational ages than they were in plasma (Table 1). 


Measurements of both plasma and cellular B-endor- 
phin immunoreactivity levels were obtained in 11 di- 
abetic patients. In a comparison of the overall mean 
levels with those of the normal patients, diabetic pa- 
tients had a significantly lower level of plasma B-en- 
dorphin immunoreactivity (p < 0.05) and a statistically 
higher level of erythrocyte B-endorphin immunoreac- 
tivity (p < 0.05), although the total B-endorphin levels 
were indistinguishable (Table II). For patients with 
chronic hypertension and patients with other medical 
problems as well as those in early labor, there were no 
statistically significant differences in B-endorphin im- 
munoreactivity levels when compared to levels in nor- 
mal patients (Table II). 

Assay of 64 midtrimester amniotic fluid samples for 
B-endorphin immunoreactivity levels revealed no dif- 
ferences on the basis of sex of the fetus (Table HI). 
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Table II. Comparison of mean B-IR levels* in normal and complicated pregnancies 


Determination 
Plasma 
N 85.0 11.0 
Mean 125.9 90.0 
SEM 5.8 TI 
Upper confidence limit 138.0 108.8 
Lower confidence limit 114.9 74.4 
Erythrocyte 
N . 85.0 11.0 
Mean 138.3 185.1 
SEM 5.1 11.2 
Upper confidence limit 148.8 ` 211.8 
Lower confidence limit 128.6 |. 161.9 


*Log remap 


Table II. 8-Endorphin immunoreactivity in 
midtrimester amniotic fluid samples 





Determination 


B-IR level (pg/ml) 84.1 85.2 

+SD + 7.9 + 8.4 

N 30 34 
Comment 


Several groups have reported data on plasma B-en- 
dorphin immunoreactivity in maternal blood and also 
in amniotic fluid.*’* Results from these and other stud- 
ies have demonstrated that maternal B-endorphin is 
synthesized by the placenta," and plasma levels rise 
markedly in labor. The B-endorphin immunoreactivity 
is detectable in amniotic fluid but concentrations de- 
crease from the second to the third trimester (probably 
in association with dilution effects). 

In response to significant stress, the fetus increases 
its release of B-endorphin, probably in a manner similar 
to that noted in adults.’? Recent studies have established 
an inverse relationship between umbilical plasma B- 


endorphin immunoreactivity and umbilical artery Po, . 


and pH, suggesting that fetal hypoxia may be related 
to B-endorphin release.'* Shaaban et al’* could not find 
any significant difference, in the absence of hypoxia, 
between umbilical plasma B-endorphin immunoreac- 
tivity levels of newborn infants with normal sponta- 
neous vaginal delivery and those delivered by elective 
cesarean section. They further showed that neither the 


. presence or absence of labor nor the route or mode of : 


delivery affected B-endorphin concentrations in nor- 
mal situations. However, in instances of fetal distress, 
neonatal plasma levels of B-endorphin immunoreactiv- 
ity were significantly elevated when there was pro- 
longed bradycardia, late or prolonged variable decel- 


B-Endorphin immunoreactivity (pg! mi) 


Other medical 
Normal Diabetic a slain sk dara Early labor 


9.0 5.0 . 8.0 
97.0 98.1 93.0 
25.4 31.4 21.3 

170.4 218.3 156.2 
55.3 44.1 55.4 
9.0 5.0 8.0 

THO 195.6 132.6 

16.1 14.4 17.5 
217.2 239.7 180.4 


161.8 159.7 97.4 


erations, or fetal acidosis. Furthermore, comparisons 
between umbilical venous and arterial B-endorphin 
concentrations show that venous B-endorphin concen- 
trations were higher than arterial ones, suggesting a 
direct fetal input into whole-blood B-endorphin con- 
centrations. 

B-Endorphin levels in plasma have been reported tc to 


` be undezectable to 1 ng/ml. Our observation of an 


erythrocyte pool of B-endorphin immunoreactivity may 
explain the wide variability noted in some other studies, 
possibly because of hemolysis of blood and/or release 
of the erythrocyte pool of B-endorphin immunoreac- 
tivity into plasma. The results of the study thus provide 
a better picture of the total level of B-endorphin im- 
munoreactivity in circulation. Preliminary evidence 
suggests that release of erythrocyte-associated B-en- 
dorphin immunoreactivity may influence the plasma 
level of this neuropeptide in certain situations (unpub- 
lished data). 

The statistically significant rise in §-endorphin im- 
munoreactivity from the first trimester to the late sec- 
ond and early third trimesters is consistent with many 
other maternal physiologic adaptations to pregnancy. 
Physiologically, other indices of stress such as heart rate, 
left ventricular ejection fraction, and hematologic pa- 
rameters such as red blood cell count and 2,3,-biphos- 
phoglycerate concentrations all rise in this fashion and 
then decline toward term." It is unclear from our 
data whether the statistical decline from 32 through 42 
weeks of gestation is real or merely represents a “pla- 
teau effect.” The erythrocyte 8-endorphin immuno- 
reactivity shows a slight and statistically nonsignificant 
rise toward the period of midgestation. At all times, 
however, the concentration in the red blood cell is 
higher than it is in plasma. 

In diabetic pregnancies the distribution of B-endor- 
phin immunoreactivity seems to be somewhat altered 
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from that in normal pregnancies. Although a role of 
B-endorphin in glucose metabolism has been sug- 
gested,‘ the reason for lower plasma and higher cellular 
fractions in diabetic patients is unclear. It is of interest 
that patients with hypertension and those with other 
medical problems did not show any statistically signif- 
icant changes from normal, although the total number 
of such patients was not large. Similarly those patients 
in early labor did not manifest any differences, sug- 
gesting that the rise in the level of 8-endorphin im- 
munoreactivity may not be an early event in response 
to the stress of labor. 

Many studies have attempted identification of fetal 
sex on the basis of midtrimester amniotic uid hormone 
levels. Our data suggest that B-endorphin immuno- 
reactivity levels do not vary in relation to the sex of the 
fetus. 
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Gestational age alters fetal breathing response to intravenous 
insulin and intravenous glucose administration 


Paul M. Meis, M.D., James C. Rose, Ph.D., Melissa Swain, R.N., and 


Lewis H. Nelson, M.D. 


Winston-Salem, North Carolina 


An upward change in human maternal plasma glucose concentration is known to increase the percent of 
time spent in fetal breathing during the late third trimester of human pregnancy. We examined the fetal 
breathing effects of upward change in plasma glucose (after intravenous glucose administration) and 
downward change (after intravenous insulin administration) at two different times of day (8 am and 4 
pm) at both 24 and 36 weeks of gestation. No change in the percent of time spent in feta! breathing was 
seen after insulin infusion. Fetal breathing increased after glucose infusion at 36 weeks of gestation 

but not at 24 weeks. Responses did not differ between tests performed at 8 am and 4 pm. (AM J OBSTET 


GYNECOL 1985;151:438-40.) 


Key words: Fetal breathing, glucose, insulin, circadian variation 


An increase in maternal plasma glucose concentra- 
tion effected by either oral or intravenous glucose ad- 
ministration is consistently associated with an increase 
in fetal breathing activity in clinically healthy third- 
trimester human pregnancy.’* Less information is 
available about the fetal breathing effects of lowering 
maternal glucose concentration. In addition, it has not 
been clear whether morning-afternoon differences ex- 
ist in fetal breathing response to glucose alteration or 
whether alterations in maternal glucose concentrations 
influence fetal breathing prior to the third trimester. 
In an attempt to clarify these issues, we performed this 
study. 


Material and methods 


A group of 10 clinically healthy pregnant women 
were enrolled in this study after informed consent was 
obtained by means of a form approved by our insti- 
- tution’s Clinical Research Practices Committee. Subjects 
with impaired glucose tolerance were excluded from 
the study. After an 8-hour fast these subjects received 
an Intravenous bolus of either regular insulin (0.05 U 
per kilogram of body weight) or 25 gm of 50% glucose 
at 8 AM and 4 PM on separate days. Blood was drawn 
from a forearm vein by means of a heparin lock tech- 
nique prior to and at 5, 10, 20, 40, and 60 minutes 
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after the glucose infusion or prior to and at 15, 30, 45, 
and 60 minutes after the insulin infusion. These morn- 
ing and afternoon tests were performed at either 24 
weeks or 35 to 36 weeks of gestation. Because of logistic 
reasons, not all subjects were tested at both gestational 
times. 

Fetal breathing activity was observed for 20 to 30 


‘minutes prior to and for 60 minutes after the glucose 


or insulin infusion with the use of real-time ultrasound 
(ATL, ADR, Tempe, Arizona). An event marker was 


‘used to mark each fetal breath observed. Apnea was 


defined as the absence of breathing motion for 8 sec- 
onds. The presence of gross fetal body movements ob- 
scured detection of fetal breathing movements and was 
included in the amount of time counted as apnea. The 
time spent in gross fetal body movements was not re- 
corded separately. The percent of time spent in fetal 
breathing was examined for control periods of 0 to 20, 
20 to 40, and 40 to 60 minutes after glucose infusion 


‘and for control periods of 0 to 15, 15 to 30, 30 to 45, 


and 45 to 60 minutes after insulin infusion. Compar- 
isons between results of morning and afternoon tests 
were examined by paired ¢ test. Changes in plasma 
glucose and in percent of time spent in fetal breathing 
over the course of the tests were made for both insulin 


and glucose infusion studies at both 24 and 36 weeks 


of gestation by means of one-way analysis of variance. 


Results 

Comparison of results of 8 AM tests with the 4 PM 
tests at each gestational age studied showed no morn- 
ing-evening difference in the following parameters: (1) 
rate of glucose: clearance after glucose infusion, (2) 
maximal decrease in plasma glucose concentration after 
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Table I. Response to glucose infusion 










Control 


periods 





Mean plasma gluccse concentration 


Minutes after glucose | naer 


Fetal breathing response to insulin and glucose 439 


Analysis of 


variance 









(mg/dl) 

Tests at 24 weeks 73.2 + 5.0 186.3 + 10.9 1400295 1064+9.0 14 26.3 <0.005 

Tests at 36 weeks 72.6 + 2.7 192.8 + 8.8 154.6 + 9.1 12183 +88 14 42.7 <0.005 
Percent of time speni in fetal 

breathing 

Tests at 24 weeks 6120 6.6 + 3.6 6.0 + 1.5 7.11.8 l4 0.01 NS 

Tests at 36 weeks 3.0 2 1.0 8.6 + 2.5 29.3 + 4.2 415+66 14 17.7 <0.005 


Table II. Response to insulin infusion 











Control 
periods 





Mean plasma glucose 


Minutes after insulin infusion 


15-30 30-45 45-60 






concentration 

(mg/dl) | 

Tests at 24 wk 69.7 + 3.6 60.1 + 3.5 46.0 + 3.7 44.6 + 3.5 54.7 + 3.5 14 8.4 <0.005 

Tests at 36 wk 75.1 + 5.3 69.9 + 5.2 63.6 + 5.1 63.6 + 5.0 68.9 + 4.6 I] 0.9 NS 
Percent of time spent 

in fetal breathing l 

Tests at 24 wk 4.29 + 0.9 8.5 + 4.5 6.5 + 1.6 2.4 + 0.6 1.1 + 0.3 14 7 NS 

Tests at 36 wk 10-2 20 5.8 + 3.3 22 = F0 3.0 + 1.] 3.7 = 2.0 1] 0.8 NS 


insulin infusion, and (3) fetal breathing response to 
maternal glucose oz insulin infusion. Thus we find no 
evidence of a circacian variation in these maternal and 
fetal responses to alterations in plasma glucose in hu- 
man pregnancy at 24 and 36 weeks of gestation. 

Mean plasma glucose concentrations prior to and 
over 20-minute time intervals following intravenous 
glucose administration are shown in Table I. A similar 
rise and subsequent fall in glucose is seen with the tests 
at 24 and 36 weeks of gestation. Percent of time spent 
in fetal breathing during these tests is shown in Table 
I and Fig. 1. Although occasional fetal breathing move- 
ments are seen, no change in percent of time spent in 
fetal breathing occurs after glucose infusion at 24 weeks 
of gestation. In contrast, a sharp and significant in- 
crease in fetal breathing occurs approximately 20 min- 
utes after glucose infusion at 36 weeks of gestation and 
reaches the highest observed values 40 to 60 minutes 
after the glucose infusion. 

Table II shows mean plasma glucose concentrations 
and percent of time spent in fetal breathing prior to 
and over 15-minute time intervals following insulin in- 
fusion. A significant decrease in plasma glucose is seen 
after insulin infusion at 24 weeks’ gestation, with lowest 
values found during the 30- to 45-minute time interval 
after insulin infusion. A decrease in plasma glucose 
cannot be demonstrated by analysis of variance at 36 
weeks of gestation. No significant change in percent of 


time spent in fetal breathing occurs after insulin in- 
fusion at either gestational age. 


Comment 


The results of this study suggest that the fetal breath- 
ing response to maternal glucose intake is a develop- 
mental phenomenon dependent on gestational age. 
The response was clearly demonstrable at 36 weeks’ 
gestation, but the percent of time spent in fetal breath- 
ing was not affected by glucose administration at 24 
weeks. Previous studies'* have examined this response 
only during the third trimester of human pregnancy. 

Since percent of time spent in fetal breathing ex- 
hibits a circadian rhythm in both the sheep and human 
fetus,°* we considered the possibility of a diurnal, or 
morning-evening, variation in the fetal breathing re- 
sponse to maternal glucose or insulin administration. 
In fact, no such morning-evening variation was found 
at either gestational age examined. This negative find- 
ing does not exclude the possibility of a circadian vari- 
ation existing between other times of day not examined 
in this study. l 

Although the fetal breathing response to an increase 
in plasma glucose concentrations has been the subject 
of considerable study in human beings, little is known 
about the fetal breathing response to a decrease in 
plasma glucose concentrations from usual euglycemic 


. levels. In these studies, the intravenous administration 
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Fig. 1. Mean percent of time spent in fetal breathing prior to 
and during 20-minute time intervals after intravenous glucose 
bolus administration in subjects tested at 24 and 36 weeks of 
gestation. ; 


of insulin significantly lowered maternal glucose con- 
centrations at 24 weeks of gestation with no significant 
effect seen on percent of time spent in fetal breathing. 
The same dose of exogenous insulin had much less 
effect at 36 weeks of gestation, presumably because of 
the well-known progressive insulin resistance of preg- 
nancy.’ Again, no significant change occurred in per- 
cent of time spent in fetal breathing. The lack of effect 
on fetal breathing at 24 weeks’ gestation is consistent 
with the observed lack of response to an increase in 
plasma glucose levels at this gestational age. It is pos- 
sible that an alteration in fetal breathing after intra- 
venous insulin administration may be detectable: in 
third-trimester human pregnancies if a greater dose of 
insulin is used and/or if the insulin is administered 
during the fed state rather than the fasting state. 
Since glucose-stimulated fetal breathing is a predict- 
able phenomenon in healthy near term human preg- 
nancy and since fetal asphyxia is known to be charac- 
terized by apnea,’ several groups of investigators have 
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attempted to use glucose-stimulated fetal breathing as 
a clinical measure of fetal weill-being.’* " If testing this 
fetal response is to be clinically useful, one must have 
knowledge of possible changes in this response at dif- 
ferent times of the day and at different gestational ages. 
This study indicates no difference in this response be- 
tween morning and afternoon tests but a marked dif- 
ference in response between 24 and 36 weeks of ges- 
tational age. Further studies should be done to more 
closely examine the development of the fetal response 
to glucose infusion during human gestation. 


We wish to thank John Patrick, M.D., for his sug- 
gestions and encouragement to perform this study. 


REFERENCES 


l. Natale R, Richardson B, Patrick J. Effect of intravenous 
glucose infusion on human fetal breathing activity. Obstet 
Gynecol 1981;59:320-4. 

2. Goodman JDS. The effect of intravenous glucose on hu- 
man fetal breathing measured by doppler ultrasound. Br 
J Obstet Gynaecol 1980;87:1080-3. 

3. Fox HE, Hohler CW, Steinbrecher M. Human fetal 

- breathing movements after carbohydrate ingestion in fast- 
ing and nonfasting subjects. AM J OBSTET GYNECOL 
1982; 144:213-7, 

4. Boddy K, Dawes GS, Robinson JS. In: Gluck L, ed. Mod- 
ern perinatal medicine. Chicago: Year Book Medical Pub- 
lishers, 1975:381-9. 

5. Natale R, Patrick J, Richardson B. Effects of human ma- 
ternal venous plasma glucose concentrations on fetal 
breathing movements. AM ] OBSTET GYNECOL 19783132: 
36-41. 

6. Boddy K, Dawes GS. Fetal breathing. Br Med Bull 
1975;31(1):3-7. 

7. Patrick J, Natale R, Richardson B. Patterns of human fetal 
breathing activity at 34 to 35 weeks’ gestational age. AM 
J OBSTET GYNECOL 1978;132:507-13. 

8. Patrick J, Campbell K, Carmichael L, Natale R, Richard- 
scn B. Patterns of fetal breathing during the last 10 weeks 
of pregnancy. Obstet Gynecol 1980;56:24-30. 

9. Burt RL. Insulin resistance in pregnancy: observations on 
dealaninated (DA) insulin. Obstet Gynecol 1965;25:43-7, 

10. Vilos GA, McLeod WJ, Carmichael L, Probert C, Harding 
PGR. Absence or impaired response cf fetal breathing to 
‘intravenous glucose is associated with pulmonary hypo- 
plasia-in congenital. myotonic dystrophy. AM J OBSTET 

| GYNECOL 1984;148:558-62. | 

11. Luther ER, Gray J, Stinson D, Allen A. Characteristics of 
glucose-stimulated: breathing movements in human fe- 
tuses with intrauterine growth retardation. AM J OBSTET 
GYNECOL 1984; 148:640-3. 


y dan 
Pett 


` ee 
<7; 


h £- z 3-54 te `F x n ts ane j ; 3 r 
daat ras i ii a kisii ER ory bo AN n tx), TST SAT. p 
EA E EAE T ma Sadi ST ee a r a a ee i o 
— = Pogo: 7 Ka > en Bx S È a ath, gy JF, Petes 
B pr has | E å n 
Ate te ad = N a ahe S i 
eae be Bas. e 
s a Fea O A 


a 


\ 
A 
Fh ee lie ee a ll CORNET RES p CRITE E z | N ee ee S S 


"VTAT TTTTY EITT 
SMTWTFS SMTWTFS SMINTES 
WEEK WEEK | WEEK 


7 





The legical cheice... 


for low prince Toong 
e cyde 


in each phase oft 


with week-bu-week * 8 
simplicity : k d f 


with the progestogen- {f | g 


norethindione 


"Serious as well as minor side effects have been reported with the use 
of oral contraceptives. The physician should remain alert to the 
earliest manifestations of any symptoms of serious disease and 
discontinue oral contraceptive therapy when appropriate. 


Please see complete Prescribing Information, a summary of which 
follows. © OPC 1985 OJ-482 
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‘ ORTHO-NOVUM* 7/7/7 Tablets (norethindronejethiny! estradiol) 

Each white tablet contains 05 ng norethingrone and 0.035 mg ethinyl estradiol Each ight peach tablet contains 
_ 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tabiet contains t mg soretnindrone and 
. 0.035 mg ethiny! estradiol. Each green tabiet in 28-day regimen contains inert ingredients. 


_ IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information provided with 

- the product and therefore should not be used as the basis for prescribing the product. This summary was prepared 

dy deleting trom the complete prescribing information certain text. tables, and references. The physician should 
be thoroughly familiar with the compiete prescribing information before prescribing the product. 


-. INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 
| DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a 
positive association between the dase of estrogens in oral contraceptives and the "isk of thromboembolism. For 
this reason. itis prudent and in keeping with good principles of therapeutics 10 minimize exposure to estrogen. The 
“Oral comtracephve product prescribed for any given patient should be that product which contains tre least amount 
z Of estrogen that is compatible with an acceptable pregnancy rate and patient acceptance. itis recommended that 
<. Newacceptors of oral contraceptives be started on preparations containing 05 mg or less of estrogen. 
:. CONTRAINDICATIONS: Ora! contraceptives should not be used in women with any of the following conditions: 1 
Thrombaphiebdis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromaoembo- 
fic disorders. 3. Cerebral vascular or coronary artery disease. 4 Known or suspected carcinoma of the breast. 5. 
Known or suspected estrogen-depandent neoplasia. 6. Undiaqnosed. abnormal genial bleeding 7. Oral cantracep- 
tive lablets may cause fetal harm when administered to a pregnant woman. Cral contraceptive tablets are 
contraindicated in women who are pregnant. if the patient becomes pregnant whde taking ths drug, the patient 
Should be apprised of the potential hazard to the fetus isee WARNINGS, No. 5). 8 Benign or maigrant iver tumor 
which developed dunno the use of oral contraceptives or other estrogen-contaming croducts. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects irem oral contraceptive use. 
. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in 
women over 35 years of age. Women who use oral contraceptives should be strongly advised not to smoke. 
The use of oral contraceptives is associated with increased risk of several serious conditions including 
thromboembolism. stroke, myocardial intarction, hepatic adenoma, gallbladder disease, hypertension. 
Khedr prescribing oral contraceptives should be familiar with the following information relating to 
se risks. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increasad nisk of thromboembolic and 
thrombote disease associated with the use of oral contraceptives is wel established Four principal studies in Great 
Britan and three in the United States nave demonstrated an increased risk of fatal and nonfata’ venous 
thromboemboism and stroke, both hemorrhagic and thrambotic. These studies estimate that users of oral 

Ss contraceptives are 4 to t times more likely than nonusers to develop these diseases without evident cause. Overal! 
“7 excess mortality due to pulmonary embolism or stroke 1s on the order of 1.0 to 3.5 deaths annually per 100,000 
“users and increases with age. CEREBROVASCULAR DISORDERS: in a collaborative American study of cerebrova- 
so) Seulat disorders im women with and without predisposing causes. n was estimated that the rsk of hemorrhagic 
- stroke was 2.0 times greater in users than sn nonusers and the risk of thrembotic stroke was 4.0 to 9.5 umes greater 
qn users than m nonusers. A prospective study conducted in Great Britain estimated that farmer users havea tsk for 
>, all cerebrovascular disease 2.6 times greater than that of nonusers. This sk remamed elevated for zt least six years 
after last oral contraceptive use. A prospective Study conducted in the United States found that past use of oral 
 COMracephives was associated with increased nsk of subaracinoid hemorrhage. the relative rsk peng 5.3. There 

. Was aiso some evidence from this Study that the degree of osk may be related to duration of oral cortraceptive use. 
MYOCARDIAL INFARCTION: An increased risk of myocardial infarction associated with the use of ora! cantracep- 
: tives has been reported confirming a previously suspected association. These stuties. conducted :n the United 
Kingdom, found. as expected, that the greater the number of underiying risk factors for coronary artery disease 
- (cigarette smoking. hypertension, hypercholesterolemua, obesity, diabetes, history ot preeciammptic toxermiaj, the 






























of nor. Qral contraceptives, however. were found to be a clear additional ngk factor. The annual excess caser 
n dinereased risk) of myocardial infarction (fatal and nontatal) in oral contraceptiva users was estimated të 









“increased risk compared to nonusers who do not smoke. Further 

“factor. in determining the importance of these relative risks. fy 

“Must be given senous Consideration. The importance: 

~ “determining relative and absolute risks has not as ye 
-action exists. but perhaps to a lesser extentaés! 
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the Unted States Caretui epidemiological studies to determine the 
ath progestogen-only orai contraceptives have not been performed. 
en reported m women using these procucts. and they should not be 
; k of thromboembolic and thrombotic disorders, n Seth users and 
wes. increases with age. Grai contraceptives are, however, an independent nsk factor 
OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A large prospective study 






. CCU for users and nonusers of orai contraceptives according to age, smoking habits. and duration of 
use. The overall excess death rate annually from circulatory diseases for ora! contraceptive users was estmated to 
ts be 20 per 100.000 jages 15-34-~5/160,000: ages 35-44~33/ 100.000; ages 45-45 ~140/100.000). the rsk being 
ooo Concentrated in older women, in those with a long duration of use. and in cigarette smokers. 1 was not possible, 
-. however, to examine the interrelationstips of age. smoking. and duration of use. nor to compare the effects of 
os: CONtNuGUS versus intermittent use. Although the study showed a 10-fold increase in death due to circulatory 
-o diseases in users for five or more years. all of these deaths occurred n women 35 of older. Until larger numbers of 
“women under 35 with continuous use for five or more years are availabe, 11s not possible to assess the magnitude 
>. Of the relative nsk for {tus younger age group. Tms study reports that the increased risk of circulatory disease 
mortality may persist after the pillis discontinued Another study published at the same time confirms a previously 
reported increase af mortality in pii users from cardiovascular disease. The study concluded that the mortality 

| associated with ail methods of birth cantro! :s low and below that associated with chidbrth, with the excaption of 
“.. gral contraceptives in women over 40 who smoke. (The rates given for pili only/smoxers for each age group are for 
smokers as aciass. Far heavy smokers [more than 15 cigarettes a day]. the rates given would be about double: for 
“ght” smokers fiess than 15 cigarettes a day}. about 50 percent } The mortality associated with oral contraceptive 

< usein nonsmokers over 40 ts higher than with any other method of contraception in that age group. The lowest 
-> mortality is associated with the condom or diaphragm backed up by early abortion. Toe nsk of thromboembolic and 
< thrombotic disease associated with orai contraceptives increases with age after approximately age 30 and. for 
“myocardial infarction, is turther increased by hypertension. hyperchoiesterciemna, obesity. diabetes. or history at 
preeclamptic toxemia and especially by cigarette smoking. The ngk of myocardial mftarction in orai contraceptive 
„users is Substantially increased in women age 40 and over, especially those with other risk factors. The physician 
„Ang the patient should be alert to the earhest manifestations of thromboembolic and thrombotic disorders ieg.. 
. thrombophiebitis. pulmonary embolism, cerebrovascular insufficiency. coronary occlusion, retinal thrombosis, 
and mesenteric thrombosis). Should any of these occur or be suspected. the drug shouid be discontinued 
immediately. A four- to six-fold increased nsk of pastsurgery tiomboemboc complications has been reported im 
-Orai contraceptive users. if feasible, ora! contraceptives shouid be discontinued at least four weeks before surgery 
“of a type associated with an increased osk of thromboembolism of prolonged immobilization 2. OCULAR LESIONS. 
1. There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the use 
io of oral contraceptives. Discontinue oral contraceptive medication if there is unexplained. sudden or gradual. par tial 
= gf complete loss of vision: onset of proptosis or diplopia. paptliedema. of retinal vascular lesions and institute 
so appropriate diagnostic and therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either 
> natural or synthetic estragen in certain animal species increases the frequency of carcinama of the breast. cervix, 
= yagina, and fiver. Certain synthetic progestogens. none currently contained in oral contraceptives. have been noted 
-to increase the mcidence of mammary nodules, benign and malignant. in dogs. in humans. three case control 
studies have reported an increased risk of endometrial Carcinoma associated with the prolonged use of exogenous 

=. estrogen in postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a 
= registry of cases of adenocarcinoma cf the encometnum in women under 40 on oral contraceptives. Of the cases 
vo found in women without predisposing ask factors for adenocarcinoma of the endometnum e.g.. regular bleeding 
at the time oral contraceptives were first given. polycystic ovaries), nearly ali occurred in women who had used a 
sequential oral contraceptive. These products are no longer marketed. No evidence has been reported suggesting 

an increased msk of endometrial cancer in users of conventional combingtan ar progestogen- only oral contracep- 
tives Several studies have found no increases in breast cancer in women taking oral contraceptives or estrogens. 

. One study. however, while also noting no overall increased nisk of breast cancer sn women treated with oral 
. contraceptives. found an excess sk in the subgroups of orai contracenhve users wath documented benign breast 
. disease. A reduced occurrence of benign breast tumors in users of orai contraceptives has been well-documented. 
in summary. there ss at present no confirmed evaience from human studies of an increased risko? cancer associated 

: with oral contraceptives. Close clinical surveillance of ali women taking otal cottraceptives ss. nevertheless., 
essential in ail cases af undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate d-agnostic 
Measures shouid he taken to rule out malignancy. Women witha strong family history of breast cancer or whe have 
breast nodules. fbrocystic disease or abnorma! mammograms should be monitored with particular care if they 
elect to use orai contraceptives instead af other methods of contraception 4. HEPATIC TUMORS Benign hepatic 
adenomas have been found to be associated with the use of orai contraceptives. One study showed that oral 
contraceptive formulations with high hormonal potency were associated with a higher risk thar lower potency 
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_ higher the nsk of developing myocardial infarction, regardiess of whether the patient was an oral contraceptive USL cases 












formulations and use of oral contraceptives with high hormonal potency and age over 30 years may further increase 
the woman s sk of hepatocellular adenoma. Although bengn. hepatic adenomas may rupture and may cause death 
through intra-abdominal hemorrhage. This has been reported in short-term as well as iong-term users of oral 
contraceptives. Iwo studies relate risk with duration of use of the contraceptive. the risk being much greater after 
four or more years of oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in 
women presenting abdominal pam and tenderness, abdominal mass or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relationship af these drugs to this type of 
malignancy is not known at this time. 5. USE IN OR IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN 
OFFSPRING, AND MALIGNANCY IN FEMALE OFFSPRING. The use of female sex hormones—both estrogenic and 
progestational acents—during early pregnancy may seriously damage the otfsp:ng. it has been shown that females 
exposed in utero to diethyistibestrol. a nonsteroidal estrogen, have an increased risk of developing in tater hfe a 
form of vaginal of cervical cancer that is ordinarily extremely rare. This risk has been estimated to be on the order of 
tta 4 in 1000 exposures. fips i there is no evidence at the present time that oral contraceptives further enhance 
the sk of develo ving this type of malignancy. such patients should be monitored with particular care if they elect to 
use Grail cont-aceatives instead of other methods of contraception. Furthermore. a high percentage of such exposed 
women {from 3C to 90%) have been found to have epithelial changes of the vagina and cervix. Although these 
changes are histclogicaily benign. itis not known whether this condition is a precursor of vaginal malignancy. Maie 
chidren so exposed may develop abnormalities of the urogenital tract, Although sinilar data are not available with 
ihe use of other estrogens. it cannot be presumed that they would not induce simlar changes An increased risk of 
congenital anomalies. mciuding heart defects and limb defects. has been reported with the use of sex hormones, 
nciuding oral contraceptives, n pregnancy. One case contro! study has estimated a 4 7-fold increase in risk of 
lmb-reduction defects on infants exposed in utero to sex hormones (oral contraceptives. hormonal withdsawai 
fests for pregnancy or attempted treatment for threatened abortion). Some of these exposures were very short and 
involved only a few days of treatment. The data suggest that the risk af imb-reducton defects in exposed fetuses 1s 
somewhat less than one in 1000 hve births. In the past. female sex hormones have been used during pregnancy in 
an attempt to trect threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for 
these indications. and there is no evidence from well-controlled studies that progestogens are effective for these 
uses. There is some evidence that tnploidy and possibly other types of polyploidy are ncreased among abortuses 
from women who become pregnant soon after ceasing oral contraceptives. Embryos with these anomake 
yittuatly always aborted spontaneously. Whether there is an overall increase in spontaneous s 












considered at the time of the first missed period (or after 45 days tro 
progestogen-only orai contraceptives are used), and further use of oral co 
pregnancy hes been ruled out. if pregnancy ts confirmed, the pabepbghouid tp 
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ETABOLIC EFFECTS A decrease in glucose 















y OBServed while receiving oral contraceptives. An increase in 

be served in patients receiving oral contraceptives. The clinical 
Re fefined 8. ELEVATED BLOOD PRESSURE. An increase in biood pressure 
ing oral contraceptives. In some women hypertension may occur within a few 











ay be no higher than that of acomparabie group of nonusers. The prevalence in users increases. 
ger exposure. and in the fifth year of use is two and a half to three times the reported prevalence in 


nen who prewously have had hypertension dunng pregnancy may be more likely to develop elevation of blood 
essure when g ven oral contraceptives. Hypertension that develops as a result of taking oral contraceptives 
usually returns to normal after discontinuing the drug. 9. HEADACHE. The orset or exacerbation of migraine or 
development of headache of a new pattern which is recurrent, persistent, or severe. requires discontinuation of oral 
comtracephves ard evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleeding. spotting, and 
amenorrhea are frequent reasons for patients discontinuing oral contraceptives in breakthrough bleeding. as in all 
cases of wreguler bleeding from the vagina, nonfunctional causes should be borne in mind in undiagnosed 
persistent or recurrent abnormat bleeding from the vagina. adequate diagnostic measures are indicated to rule out 
pregnancy or ma ignancy. if pathology nas been excluded, tme or a change to another formulation may solve the 
probiem Changing to an orai contraceptive with a higher estrogen content. while potentially useful in minimizing 
menstrual rregulanty, shouid be done only if necessary since this may increase the sk of thromboemboke disease. 
Women with a pest history of oligomenorrhea or secondary amenorrhea or young women without regular cycies 
may have a tende icy to remain anovulatory or to become amenorrheic after discontinuation of oral contraceptives. 
Women with these preexsting problems should be advised af tts possibiity and encouraged to use other 
contracantive methods. Pastuse anovulation. possibly proionged. may aiso occur itt women without previous 
treguiarities H. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contraceptive 
faures. 12 BREAST FEEDING. Orai contraceptives given in the postpartum period may interfere with lactation. 
There may be a decrease in the quantity and quality of the breast milk. Furthermore. a smail fraction of the hormonai 
agents in oral contraceptives has been identified in the miik of mothers recerving these drugs. The effects, if any. on 
the breast-fed chdd have not been determined. If feasible, the use of orai contraceptives should be deferred unti the 
infant has been weaned. PRECAUTIONS: General: 1 A complete medical and family history shquid be taken pror to 
the inshation of oral contraceptives. The pretreatment and periodic physical examinations should include special 
reference to biocd pressure, breasts, abdomen and pelvic organs. including Papanicolaou smear and relevant 
laboratory tests. AS a generai rule. oral contraceptives should not be prescribed for longer than one year without 
another physical examination being performed. 2 Under the infiuence of estrogen-progestogen preparations, 
preexisting utenre leomyomata may increase in Size. 3. Patients with a history of psychic depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. Patients becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt to determine whether the symptom is drug-relatec. 4. Oral contraceptives may cause 
some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patents 
with conditions which might be kar ii by fluid retention. such as convulsive disorders. migraine syndrome. 
asthma, or cardiac or renal insufficiency. 5. Patents with a past history of jaundice dunng pregnancy have an 
increased ngk of recurrence of jaundice while receiving oral contraceptive therapy lf jaundice develops in any 
patient recewing such drugs. the medicaion should be discontinued. 6 Sterod hormones may be poorly 
metabolized m patents with impaired iver tunction ang should be administered with caution in such patients. 7 Oral 
contraceptive usas May have disturbances in normal tryptophan metabolism which may result in a relative 
pyndaxine deficiency. The clinical significance of this 1s yet to be determined. 8 Serum folate levels may be 
depressed by oral contraceptive therapy. Since the pregnant woman 13 predisposed to the development of folate 
deficiency and th incidence of folate deficiency increases with increasing gestation. itis possible that ¢ a woman 
becomes pregnant shortly after stopping oral contraceptives, she may have a greater chance ct develoaing folate 
deficiency and comphcations atinbuted to this deficiency. 9 The pathologist shouid be advised of oral 
contraceptive therapy when relevant specimens are submitted. 10. Certain endocrine and liver function tests and 
blood components may be affected by estrogen-containing oral contraceptives: a. increased sulfobramophthaien 
retention b increased prothrombin and factors Vil. VIN. IX, and X. decreased antsthrombin 3: increased 
norepinephrine induced platelet aggregabiity. c. Increased thyroid-binding gobulin (TBG) ieading to increased 
circulating total thyroid hormone. as Measured by protein-bound iodine (PBI). T4 by column. ar T4 by radiormmun- 
oassay Free 13 resin uptake +s decreased. reflecting the elevated TBG, free T4 concentration is unaltered. d. 
Decreased pregnanediol excretion. g. Reduced response to metyrapone test INFORMATION FOR THE PATIENT: 
{See Patient Paccage Insert}. DRUG INTERACTIONS: Reduced efficacy and increase incidence of breakthrough 
bleeding have bean associated with concomitant use of nifampin. A similar association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium, ampicitm, griseatulvin, and oe CARCINOGENESIS, 
PREGNANCY. NURSING MOTHERS: See CONTRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An 
increased risk of the follawing serous adverse reactions has been associated with the use of oral contraceptives 
isee WARNINGS) Thrombophiebitis. Pulmonary embolism. Coronary thrombosis. Cerebral thrombosis. Cerebral 
hemorrhage. Hypertension. Gallbladder disease. Liver tumors. Congenital anomaiies There is evidence of an 
association between the following conditions and the use of oral contraceptives, although additional confirmatory 
Studies are needed Mesenteric thrombosis. Neuro-ocular lesions. eg. retinal thrombosis and optic neuritis. The 
following adverse reactions have been reported in patients recesving oral cortraceptives and are believed to be 
drug-related: Nausea, usually the most common adverse reackon. Voting, occurs in approximately 10% or jess of 
patients during the first cycle. Other reactions. as a general rule, are seen much less frequently or only occasionally. 
Gastroimtestinal symptoms (such as abdominal cramps and bloating). Breakthrough bleeding. Spotting. Change in 
menstrual fiew. Cysmenorrhea. Amenorrhea during and after treatment. Temporary intertuity after discontinuance 
of treatment Edema. Chioasma or melasma which may persist. Breast changes: tenderness. enlargement. and 
secretion Change in weight (increase or decrease). Change in cervical erosion and cervical secretion. Possible 
dimmnution in lactation wher given immediately postpartum. Cholestatic jaundice Migraine. Increase in size of 
utenrie imomyor ata. Rash ialiergic). Mental depression Reduced tolerance to carbohydrates. Vaginal candidiasis 
Change in cornea curvature (steepening) intolerance to contact lenses, The following adverse reactions have been 
reported in users of oral contraceptives. and the association has been neither confirmed nor refutec: Premen- 
struai-tke syndrome. Cataracts. Changes in libido. Chorea. Changes in appetite Cystitis-like syndrome. Headache. 
Nervousness. Dizziness. Hirsutism. Loss of scalp haw. Erythema multiforme. Erythema nodosum, Hemorrhagic 
eruphen. Vagimts Porphyra impaired renal function. Hemolytic uremic syndrome. OVERDOSAGE: Serious ili 
etfects have not been reported following acute ingestion of large doses of oral contraceptives by young chidren. 
Overdosage May Cause Nausea. and withdrawal bleeding May occur in females. 


ORTHO 


ORTHO PHARMACEUTICAL CORPORATION 
Raritan, N.J. 08369 b 





Precipitated opiate abstinence in utero 


Jason G. Umans, M.D., Ph.D., and.Hazel H. Szeto, M.D., Ph.D. 


New York, New York 


Following direct infusion of morphine (0, 6 to 80.0. mg/hr) to the fetal lamb for 2 to 6 hours, ‘naloxone 
administration precipitated a fetal abstinence syndrome consisting of desynchronization of electrocortical 
activity; increased total body movements, neck tone, and eye movements; continuous rapid, deep breathing 
movements; immediate bradycardia associated with transient increases in systolic, diastolic, and pulse 
pressures; and meconium staining of the amniotic fluid. This syndrome resembles that observed in the 
opiate-abstinent human neonate.(AM J OBSTET GYNECOL 1985;151:441-4.) 


Key words: Fetal withdrawal, morphine, physical dependence 


Infants born to narcotic addicts are known to be at 
risk of undergoing an opiate-abstinence syndrome i in 
the neonatal period. The most common manifestations 
of this syndrome include irritability, hyperactivity, i in- 
creased eye movements, diarrhea, tachypnea, tremor, 
exaggerated reflexes, and occasionally generalized sei- 
zures. In addition, these infants exhibit abnormal sleep 
patterns, with an increase in wakefulness and rapid eye 
movement sleep, at the expense of quiet sleep.'*? 

It is also known that detoxification of narcotic addicts 
during pregnancy results in fetal distress, as evidenced 
by meconium staining;** increased amniotic fluid cat- 
echolamines, and occasional fetal death.®° However, the 
complete nature of the opiate-abstinence syndrome has 
not been described for the human fetus. 

Cohen et al.’ reported changes in fetal hemodynam- 
ics and meconium staining following precipitated mor- 
phine withdrawal in pregnant ewes. However, they did 
not study the behavioral responses that might allow 
comparison with the abstinence syndrome described in 
the human neonate. Our objective was therefore to 
fully characterize the opiate-abstinence syndrome in 


the fetal lamb and compare it with that reported for ` 


the human neonate. 


Material and methods 


Animal preparation. Thirteen pregnant.ewes and 
their fetuses (gestational ages ranging from 121 to 138 
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days at the time of study; term, approximately 145 days) 
were surgically instrumented for monitoring of fetal 
hemodynamics and behavioral activity at least 5 days 
prior to study. Details of the surgical procedure have 
been previously reported? Briefly, chronic indwelling 
catheters were placed in the fetal inferior vena cava for 
drug infusion and in the distal aorta for continuous 
monitoring of blood pressure and heart rate. For con- 
tinuous monitoring of fetal behavioral activity, a pair 
of stainless steel screws were implanted extradurally 
over the parietal cortex to record electrocortical activity, 
a pair of stainless steel screws were implanted over the 
superior orbital ridge'to record eye movements, and 
stainless steel electrodes were implanted in the dorsal 
neck muscles and the quadriceps femoris muscle ‘to 
assess nuchal tone and body movements. In addition, 
fetal breathing movements were monitored via a pair 
of stainless steel electrodes implanted in the diaphragm 
and a catheter in the trachea. 

Recording procedures. All recordings of fetal blood 
pressure, heart rate, tracheal pressure, electrocortico- 
gram, electromyogram, and electrooculogram were 
carried out with the ewe standing or lying quietly in an 
experimental cart with free access to food and water. 
A companion sheep was kept in the same room to min- 
imize restlessness. 

All recordings were obtained with a Gould Model 
2800 direct pen-writing analog recorder and appro- 
priate amplifiers. The fetal arterial and tracheal cath- 
eters were connected to Statham Model P50 pressure 
transducers. Integrated fetal heart rate was obtained 
from the blood pressure recording by use of a Biotach 
coupler. The electrocorticogram, electromyogram, and 
electrooculogram were recorded via Universal ampli- 
fiers set at filter band widths of 0.3 to 30 Hz, 30 to 300 
Hz, and | to 10 Hz, respectively. 

Drug studies. Control records of fetal blood pres- 
sure, heart rate, and all neurobehavioral parameters 
were obtained for at least 2 hours prior to drug ad- 
ministration. 


441 


442 Umans and Szeto — 


February 15, 1985 
Am. J Obstet Gynecol 


MUTSU 
GA 130 days 


FBP mat ae en SO OO 
(mmHg) 

300 ESET 
FHR a E ee 


{bpm} 0 


a 25 l aijai SREE 
{mm Hg} 0 z l TH i fl 
ECoG 20, aa RS a a nea dr ereemes 


 EMGy = 200nV[ bi 
kaf 


it 
EOS «= SO vf , 


t 
6mg NALOXONE 





5 minutes 


Fig. 1. The effects of naloxone on fetal blood pressure (FBP), fetal heart rate (FHR), tracheal pressure 
(TP), electrocorticogram (ECoG), nuchal electromyogram (EMG,), and electrooculogram (EOG) in 


an opiate-naive fetus. 


In a preliminary study, naloxone was administered 
at doses of 0.75, 1.5, 3.0, 6.0, and 12.0 mg (intrave- 
nously) to opiate-naive fetuses, without any significant 
effect on the monitored physiologic variables. We chose 
a naloxone dose of 6.0 mg for use in all subsequent 
studies. ‘This dose is comparable to that used in previous 
studies of specific opiate effects and precipitated opiate 
abstinence in rodents.'°" 

Morphine was infused into the fetus at a constant 
rate, ranging from 0.60 to 80.0 mg/hr for 2 to 6 hours. 
Naloxone was then administered to the fetus at the end 
of the morphine infusion. All hemodynamic and activ- 
ity parameters were monitored continuously through- 
out the control period, during the morphine infusion, 
and for 2 hours following naloxone administration. 

Data analysis. Heart rate and systolic and diastolic 
pressures were read from the traces at the end of mor- 
phine infusion and at the time of maximal change fol- 
lowing naloxone administration. The mean differences 
(+ SE) were reported and their significance determined 
by use of the nonparametric sign test." 


Results 


A total of 20 withdrawal experiments were per- 
formed on 13 animals. On the day of the drug study, 
maternal and, fetal blood gases and pH were within 
normal limits. All control recordings showed cyclic vari- 
ation in electrocortical activity, eye movements, total 
body movements, and breathing movements, as pre- 
viously reported.® * © eo 

The administration of morphine resulted in two dis- 
tinct response clusters’ (Umans and Szeto, unpub- 
lished observations) as a function of dose. Low doses 
` (up to 2.5 mg/hr) resulted in desynchronization of the 
electrocorticogram; increased nuchal tone, body and 
eye movements; continuous fetal breathing move- 
ments; and increased heart rate and heart rate 
variability” (on the left in Fig. 2). Higher doses (through 
80.0 mg/hr) resulted in a return of synchronized elec- 
trocorticogram activity, accompanied by decreases in 


body, eye, and breathing movements and heart rate 
variability (on the left in Fig. 3). 

The administration of naloxone to opiate-naive fe- 
tuses did not result in any alteration.in the physiologic 
parameters that were monitored or in their pattern of 
cyclic variation (Fig. 1). i 

Following low-dose morphine infusion, naloxone ad- 
ministraticn resulted in further desynchronization of 
the electrocorticogram, an immediate bradycardia, an 
increase in both the rate and depth of breathing move- 
ments, and an increase in total body movements (Fig. 
2). In some instances it also resulted in a subsequent 
reversal of the acute effects of morphine, with a return 
to cyclic variation in electrocorticogram activity, eye 
movements, nuchal tone, and electrocorticogram-as- 
sociated breathing movements. 

Following high-dose morphine infusion, administra- 
tion of naloxone provoked a qualitatively similar but 
more intense abstinence syndrome (Fig. 3). 

Following morphine infusion, naloxone administra- 
tion resulted in increased systolic (A = 18 + 3mm Hg, 
p < 0.01), diastolic (A = 7 + 2mm Hg, p < 0.01), and 
pulse (A = 11 + 2 mm Hg, p < 0.01) pressures, with 
a decrease in heart rate (A = —74 + 8 bpm, p < 0.01). 
These changes did not vary as a function of the dose 
or duration of morphine infusion. _ 

Further, following morphine infusion, naloxone ad- 
ministration precipitated severe meconium staining of 
the amniotic fluid. In two sets of twins delivered by 
cesarean section at term, meconium staining was only 
observed in the drug-exposed twin. 

In fetuses that were subjected to an episode of pre- 
cipitated abstinence following morphine infusions of 
225.0 mg/hr, a second episode of abstinence could be 
precipitated by naloxone administration 24 hours fol- 
lowing the initial withdrawal. Immediately prior to ad- 
ministration of the second dose of naloxone, all fetuses 
exhibited normal control traces without evidence of 
acute opiate effect. The second episode of abstinence 
was in each case similar to but less intense than the first: 


Opiate abstinence in utero 443 


It is generally assumed that neonatal morbidity and 
developmental abnormalities following intrauterine 
narcotic exposure result from repeated episodes of fe- 
tal withdrawal. We have previously demonstrated di- 
rect effects of opiate administration on fetal neurobe- 
havioral function which may in themselves account for 
the effects observed in the neonate.* ? We now report 
data which suggest that both direct opiate pharmaco- 
dynamic effects and fetal withdrawal may contribute 
significantly to neonatal outcome following intrauterine 
narcotic exposure. 

Using the chronically instrumented fetal lamb prep- 
aration, we have characterized a syndrome of naloxone- 
precipitated opiate abstinence following short-term 
infusion of morphine into the fetus. The syndrome 
consists of desynchronization of electrocortical activity; 
increased total body movements, neck tone, and eye 
movements; continuous, rapid deep breathing move- 
ments; an immediate bradycardia associated with tran- 
sient increases in systolic, diastolic, and pulse pressures; 
and meconium staining of the amniotic fluid. This syn- 
drome resembles the one observed in the human neo- 
nate in that the human exhibits increased rapid eye 
movement sleep and wakefulness at the expense of 











Volume 151 
Number 4 
MUTSU 
GA 134 days 
100 
FBP 
{mm Hg} sof 
300 
FHR 
{bpm) iso} 
50 
TP f : 
(mmHg) esih ! LTDA oe 000 Pt 
ECoG 20 a nectar st Gai A iinet E 
EMG» 200, [ Homerton ammeter 
cos  Sopv[ EN T iaia fe piecnadilnoanonhae A ae “wy 
EMGo 200v [ Hpeejafeealandnniadiiaalaaneaiatatitan dine deat eens ano- 
prerane 
Smg NALOXONE 5 minutes 
Fig. 2. The effects of naloxone on fetal hemodynamic and behavioral activity parameters when 
administered subsequent to a 6-hour infusion of morphine at 2.5 mg/hr. EMG, Diaphragmatic 
electromyogram. 
ELECTROLUX 
GA 128 doys 
ded = OOOO entice A A 
{mmHg} o 
(bom) 180 pap $$$ tire a 
0 
Ecos Pov adgemmenpieenlipetnatyelpahenamenstiespememnncnenneny 
EMG, 200pv[ me 
EOG = Suv [ i i À Hiin 
R. b+ 
mg NALOXONE 5 minutes 
Fig. 3. The effects of naloxone on fetal hemodynamic and behavioral activity parameters when 
administered subsequent to a 6-hour infusion of morphine at 25.0 mg/hr. 
Comment 


quiet sleep, increased body and eye movements, diar- 
rhea, tachypnea, and hyperpnea.''** The syndromes 
differ, however, in that we observed no cortical seizure 
activity in the fetal lamb. There are no human data 
available describing the cardiovascular manifestations 
of neonatal withdrawal. | 

Based on the present observations, we agree with 
Zuspan et al. in suggesting that intrauterine opiate 
withdrawal presents a severe physiologic stress to the 
developing fetus. Our data, which show that a signifi- 
cant abstinence syndrome may be precipitated follow- 
ing short (i.e., 2 hours), low-dose fetal exposure to mor- 
phine, further suggest that the fetus may undergo a 
cycle of acute physical dependence and withdrawal fol- 
lowing the administration of opiates in normal clinical 
practice. 


We are most grateful for the excellent technical as- 
sistance contributed by Hilary R. Umans. 
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The effect of prostacyclin on angiotensin II-induced 


placental vasoconstriction 
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Significant alterations in vascular responsiveness to angiotensin l] have been documented during pregnancy. 
We have observed that prostacyclin, a potent vasodilating prostaglandin, does not dilate the ovine 
placental vasculature. However, we thought that it might modulate the placental vasoconstriction produced 
by angiotensin Il. Regional blood flows and resistances were measured by the radioactive microsphere 
technique in six near-term sheep. Biood flows were measured in the control condition and 15 minutes after 
beginning an infusion of angiotensin II at 5 wg/min (T,). Additional measurements were made 15 minutes 
after the addition of 50 g/min of orostacyclin to the angiotensin II infusate (T,) and 15 minutes after 
withdrawing prostacyclin from the angiotensin If infusion (T,). Mean arterial pressure rose in response to 
angiotensin {i and decreased significantly with prostacyclin administration. The renal and uterine . 
nonplacental vascular beds showed the expected vasoconstriction in response to angiotensin Il, which was 
then reversed to control levels by prostacyclin infusion. Unexpectedly, prostacyclin did not reverse the 
angiotensin l! vasoconstriction in the placenta but further increased resistance (p < 0.03). Placental 
resistance changed from 0.33 + 0.04 peripheral resistance units in the control condition to 0.42 + 0.06 ` 
peripheral resistance units for T, (p < 0.03), and prostacyclin infusion further increased placental resistance 
to 0.63 + 0.10 peripheral resistance units for T; (p < 0.03). We conclude that the placental vascular 
response to prostacyclin is different from that of other organs and that prostacyclin does not dilate, but 
further constricts the placenta in the near-term sheep with angiotensin Il-induced systemic vasoconstriction. 


(AM J OBSTET GYNECOL 1985;151:444-9.) 
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Prostacyclin is a potent vasodilating prostaglandin’ 
formed by the cyclooxygenase metabolism of arachi- 
donic acid. It is synthesized by many tissues including 
the uterus? and placenta? and is felt by some investi- 
gators to have a role in the normal vascular adaptation 
to pregnancy.’ 

Prostacyclin has been shown to dilate the uterine vas- 
culature in the nonpregnant ewe’ and the uterine pla- 
cental circulation in the pregnant ewe when measured 
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by electromagnetic flow probe.® However, blood flow 
studies with the use of radioactive microspheres have 
shown an anomalous maternal placental vasoconstric- 
tive response to the systemic administration of pros- 
tacyclin, while the noncotyledonary uterine vascular 
bed shows the expected dilation.’ Blood flow measure- 
ments made after local administration of prostacyclin 
via a retrograde uterine artery catheter, without sys- 
temic hypotension, confirm the observation that pros- 
tacyclin does not dilate the maternal placental circu- 
lation." l 

The observazion that prostacyclin does not appear to 
dilate the placental vasculature in its normal, maximally 
dilated state, led us to postulate a vasodilating role for 
prostacyclin in the vasoconstricted state. This study was 
designed to test the hypothesis that prostacyclin would 
modulate angiotensin II-induced placental vasocon- 
striction. 


Material and methods 


Six pregnant ewes ranging from 120 to 125 days of 
gestation were used in this experiment. The animals 
were anesthetized with ketamine, 10 mg/kg, and atro- 
pine, 0.6 mg intramuscularly, supplemented by keta- 
mine intravenous infusion at 10 mg/min. Polyvinyl 
catheters were placed into a branch of the maternal 
femoral artery bilaterally and advanced for 20 cm to 
lie in the distal abdominal aorta. A stiff polyethylene 
catheter surrounding a standard polyvinyl catheter was 
placed into the carotid artery and advanced into the 
left ventricle, where placement was confirmed by char- 
acteristic pressure pattern. The maternal jugular vein 
was also catheterized. The abdomen was then opened 
through a midline incision and a fetal hindlimb brought 
out through an incision in the uterine wall. The ventral 
surface was anesthetized with 1% Xylocaine, and poly- 
vinyl catheters were placed in the fetal hindlimb artery 
and vein and advanced for 20°cm. All catheters were 
filled with 100 U/ml of heparin; chloramphenicol, 250 
mg, was given via the fetal vein, and 600,000 U of 
aqueous penicillin G was instilled into the amniotic 
cavity while an additional 400,000 U was given intra- 
muscularly to the ewe. Fetal hindlimb, uterine, and ab- 
dominal wall incisions were closed, and the catheters 
were tunneled subcutaneously and secured in a pouch 
on the maternal flank. The jugular vein and carotid 
artery catheters were secured to the neck with an elastic 
bandage. The animals were allowed to recover from 
surgery for 4 days before experimentation. Each ani- 
mal was returned to the laboratory and stabilized for 
12 to 24 hours before experimentation, which was per- 
formed with the ewe standing quietly in a stanchion. 

Maternal mean arterial pressure was continuously 
recorded with a R411 Beckman physiologic recorder 
via a Statham P23Db transducer attached to a femoral 
artery catheter. Maternal placental blood flow was ex- 
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pressed as ml: min™'- kg~' of fetal weight. Renal and 
uterine nonplacental vascular resistance was defined as 
mean arterial pressure in mm Hg divided by total organ 
blood flow in ml: min`’ and expressed as peripheral 
resistance units. Placental vascular resistance was de- 
fined as mean arterial pressure in mm Hg divided by 
placental blood flow in ml - min~’ - kg™' of fetal weight 
and expressed as peripheral resistance units (kg”'). 

Regional blood flows were measured by the radio- 
active microsphere method. In this experiment, mi- 
crospheres that were 15 pm in diameter and labeled 
with '], 5Co, Sr, and “Sc were used. Each injection 
contained approximately 2 x 10° microspheres sus- 
pended in 0.4 ml of 10% dextran. We injected the mi- 
crospheres into the maternal left ventricle while 
simultaneously withdrawing an integrated arterial sam- 
ple from a maternal femoral artery catheter at 4.12 ml/ 
min for 1.5 minutes starting from the time of micro- 
sphere injection. 

Experimental design. Regional blood flows were 
measured in the control condition. An infusion of Val 
5 angiotensin II at a dose of 5 pg/min in normal saline 
solution was then begun via the jugular vein catheter. 
Regional blood flows were measured after 15 minutes 
of angiotensin IJ infusion (T,), and the infusion con- 
tinued at the same dosage throughout the remainder 
of the experiment. Prostacyclin was then added to the 
angiotensin infusion at a dosage of 50 yg/min, and 
regional blood flows were measured for the third time 
15 minutes later (T,). Prostacyclin was removed from 
the angiotensin II infusion, and the final blood flow 
measurement (T;) was made 15 minutes later. 

The prostacyclin (Upjohn Company) was stored in a 
freezer and then diluted with normal saline solution 
immediately prior to infusion. 

Radioactive assay. The animals were sacrificed at the 
end of the experiments and the kidneys and uterus 
removed for assay. The placental cotyledons were dis- 
sected away from. the endomyometrial uterine tissue, 
and the fetal membranes were discarded. Cotyledonary 
tissue was cut into slices, weighed, and placed in glass 
counting vials. The kidneys and uterine nonplacental 
tissues were homogenized in a Waring blender with 
known quantities of water, and 10 aliquots containing 
3 ml of the homogenate were placed in counting vials. 
The height of the samples in the vials never exceeded 
l cm. Vials containing a known number of micro- 
spheres of each isotope embedded in wax 0.5 cm from 
the bottom of the vial were used as standards. 

Radioactivity was assayed in a Nuclear Chicago 1185 
three-channel automatic gamma counter connected to 
a Univac 1110 computer. Appropriate corrections were 
made for the spillover of each isotope into the other 
channels. The number of microspheres in each organ 
and the blood flow to that organ were calculated by the 
equations previously described,’ and run on computer 


446 Parisi and Rankin 


Renal Resistance 


F-Control-+—-- Angiotensin I —— 








February 15, 1985 
Am J Obstet Gynecol 


Uterine Resistance 


l+-Control—| 








Angiotensin Ir 


Fig. 1. Response of renal and nonplacental uterine resistance to angiotensin H and prostacyclin 
(PGI). Measurements were made in the control condition (C), after angiotensin II infusion (T1), 
after addition of prostacyclin to the angiotensin II infusion (72), and finally after removing pros- 
tacyclin from the angiotensin IJ infusion (73). The decrease in renal and nonplacental uterine 
resistance from T/ to T2 is statistically significant (p < 0.05). PRU, Peripheral resistance units. 


programs developed by our laboratory. All organ sam- 
ples contained more than 400 microspheres, which sat- 
isfies the criteria of Buckberg et al.'° for the accuracy 
of blood how measurement by this method. 

The Wilcoxon signed-rank test was used to evaluate 
. the difference between the means of the control group 
' and T, T, and T,, and T, and Ts. The paired ¢ test 
was additionally applied to evaluate the difference be- 
tween T, and T,, since this is the critical comparison in 
our study. Because resistance values represent calcu- 
lated ratios and because the ratios of two normally dis- 
tributed populations are not normally distributed, log- 
arithmic transformation was performed on all resis- 
tance values. A probability of p < 0.05 was chosen to 
represent statistical significance. Data are expressed as 
mean + standard error of the mean. 


Resuits 


Maternal and fetal arterial blood gases were drawn 
before each experiment to determine well-being. The 
mean maternal pH was 7.51 + 0.01, while fetal pH was 
7.38 + 0.02. The mean fetal weight in this series was 
3.63 + 0.42 kg. 

The effect of angiotensin H administration at 5 pg/ 
min on all organs studied was predictable and consis- 
tent with that of other investigators!" '? and our pre- 
vious experiments. Angiotensin II raised the mean 
arterial pressure from 84+ 6 to 103 +6 mm Hg 
(p < 0.05) while also increasing vascular resistance in 
the kidney (0.14 + 0.02 to 0.30 + 0.04 peripheral re- 
sistance units, p < 0.05) and in the nonplacental uter- 
ine bed (0.60 + 0.09 to 1.35 + 0.31 peripheral resis- 
tance units, p < 0.05). The placental vasculature was 


relatively refractory to angiotensin II infusion, with re- 
sistance increasing significantly from 0.33 + 0.04 to 
0.42 + 0.06 peripheral resistance units (p < 0.03) but 
placental blood flow remaining unchanged (272 + 33 
to 264 + 33 ml: min™':kg™' of fetal weight, p< 
0.3). Placental angiotensin II refractoriness during 
pregnancy has also been observed by Rosenfeld and 
Naden.” 

The addition of prostacyclin to the angiotensin H 
infusion resulted in the expected responses from most 
organ systems. Mean arterial pressure was reduced 
from 103 + 6 to 66 + 4 mm Hg (p < 0.05). Renal re- 
sistance decreased from 0.30 + 0.04to 0.15 + 0.03 pe- 
ripheral resistance units (p < 0.05) and the uterine 
nonplacental bed reacted with similar vasodilation, de- 
creasing its resistance from 1.35 + 0.31 to 0.62 + 0.10 
peripheral resistance units (p < 0.05). Both renal and 
uterine nonplacental vasculatures responded to pros- 
tacyclin by decreasing their resistance significantly 
(p < 0.05) towards the normal control levels. This ob- 
servation is graphically represented in Fig. 1. 

Unexpectedly, the placenta responded to prostacy- 
clin in a manner different from all other organs. Pla- 
cental resistance, which was relatively refractory al- 
though significantly increased (p < 0.03) in response 
to angiotensin II alone, showed further vasoconstric- 
tion (0.42 + 0.06 to 0.62 + 0.10 peripheral resistance 
units, p < 0.03) when prostacyclin was added to the 
angiotensin II infusion. Placental blood flow was sim- 
ilarly affected, being refractory to angiotensin II 
(272 + 33 to 264 + 33 ml- min™'- kg`' of fetal weight 
and decreasing significantly to 120 + 21 ml: min“: 
kg’ of fetal weight (p < 0.004) in response to the ad- 


Volume 151 Effect of prostacyclin on vasoconstriction 447 


Number 4 


Placental Resistance 


Angiotensin IT ———} 





j--Controi—| Placental Blood Flow 


to -PGI —| 


| 





Angiotensin jij 
|—PGI1,—| 





|—Contral—| 


300 





(mi: min ikg) 
N 
O 
Öö 





Fig. 2. Placental vascular responses to angiotensin II and prostacyclin (PGI). Measurements were 
made in the control condition (C), after angiotensin I] infusion (T1), after addition of prostacyclin 
to the angiotensin II infusion (T2), and finally after removing prostacyclin from the angiotensin H 
infusioin (73). The decrease in placenta] blood flow from TJ to T2 is statistically significant 
(p < 0.004). 


Table I. Placental vascular responses to systemic infusion of angiotensin If (T,) and after addition of 
prostacyclin to the angiotensin II infusion (Ta) — 


Placental blood flow 
(mi - min”! + kg fetal weight™') : 


Placental vascular resistance 
(peripheral resistance units, kg~’) 


I 180.4 76.4 0.53 0.76 

2 193.4 102.2 0.65 0.83 

3 292.8 129.8 0.33 0.46 

4 208.1 147.4 0.4] 0.49 

5 352.2 201.9 0.28 l 0.32 
i 6 357.9 63.6 0.33 0.9} 
Mean + SEM 264.3 + 33 120.2 + 21 0.42 + 0.06 0.63 + 0.1 

| p : <0.004 <0.03 


dition of prostacyclin. These placental vascular re- 
sponses are graphically depicted in Fig. 2 and numer- 
ically represented in Table I. . 

Withdrawal of prostacyclin from the angiotensin II 
infusion uniformly resulted in return of all organ re- 
sistances and placental blood flow towards T, values 
(Figs. 1 and 2). 


Comment 


Normal pregnancy is associated with decreased vas- 
cular reactivity to the pressor effects of angioterisin II 
in both humans" and sheep."! When distinct organ vas- 
cular responses are studied, the placental vascular bed 
appears to be the most protected from angiotensin II 
vasoconstriction.” 

Woinen who develop preeclampsia, a common va- 
soconstrictive disorder of pregnancy classically accom- 
panied by hypertension, edema, and proteinuria, lose 
their refractoriness to angiotensin II and become sen- 
sitive to its pressor effects even before clinical mani- 


festations of the disease are apparent." This disorder 
has also been associated with a significant decrease in 
placental perfusion as evidenced by the decreased 
clearance rate of dehydroisoandrosterone sulfate." 
Chronically hypertensive gravid women who are des- 
tined to become preeclamptic also show the same sen- 
sitivity to angiotensin II." It is clear from these obser- 
vations that vascular reactivity to angiotensin II and 
placental function are markedly altered by the patho- 
physiology of certain vasoconstrictive disorders of 
pregnancy. 
Prostacyclin, known to have potent vasodilating ef- 
fects on vascular tissue,’ is synthesized in significant 
quantities in the pregnant myometrium and placenta 
as well as in fetal umbilical and maternal placental vas- 
cular endothelium:* " Prostacyclin production in um- 
bilical and placental vascular tissues is significantly de- 
creased in women with severe preeclampsia in com- 
parison to that of normal pregnant women.” Behr 
et al? have shown that placental nonvascular tissue 
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from preeclamptic women has a marked decrease in 
prostacyclin production. when compared with the same 
tissue from normal pregnant women. 

It has been postulated that the relative lack of pros- 
tacyclin in preeclamptic pregnancies may contribute to 
the generalized vasoconstriction- and multiorgan dys- 
function associated with this disease.” Because the pla- 
centa and its vascular endothelium are major sites for 
prostacyclin production, the placental vasoconstriction 
of preeclampsia is thought to be directly related to the 
documented deficiency of this vasodilator.* !7 This led 
several investigators to speculate that the vasocon- 
striction associated with severe preeclampsia might 
be reversed by AGrONUN SUOR of exogenous prosta- 
cyclin.” 8 

There are three case reports in the literature to date 
in which prostacyclin infusions have been used to treat 
womën with severe preeclampsia.'* '9 Tn all three cases, 
maternal hypertension responded nicely to the infu- 
sions which lasted from 3 to 12 days. All patients were 
between 25 and 27 weeks of gestation at the initiation 
of therapy. Fetal death occurred unexpectedly and 
without warning in two of the three patients in spite of 
improvement in maternal condition. The third fetus 
had three documented episodes of bradycardia after 3 
days of maternal prostacyclin therapy and was deliv- 
ered at 27 weeks’ gestation by cesarean section because 
of fetal distress. | 

The present study was undertaken in an attempt to 
show that prostacyclin would prove to be a placental 
vasodilator in the face of systemic vasoconstriction 
caused by angiotensin II. Our data convince us that not 
only was this hypothesis incorrect, but perhaps more 
importantly, that administration of prostacyclin to.the 
systemically vasoconstricted sheep results in a signifi- 
cant increase in placental vascular resistance and de- 
crease in placental blood flow. This anomalous response 
of the placental vascular bed in our study leads us to 
question whether this observation bears any physiologic 
similarity to the clinical cases reviewed above. Given 
our data, the possibility exists that administration of 
exogenous prostacyclin to the preeclamptic patient may 
cause sufficient increased placental vasoconstriction in 
an already compromised vascular bed, as to be dele- 
terious to fetal health. 

We have considered several possible sources of error 
in the interpretation of our results. We have rejected 
the possibility that the prostacyclin used was inactive, 
because we saw significant vasodilation in all other vas- 
cular beds and because the drug was stored frozen and 
prepared immediately prior to use. | 

Endogenous catecholamine release may have af- 
fected our results, and since we did not measure cat- 
echolamine levels in these animals, we cannot reject this 
possibility. It is, however, unlikely that catecholamine 
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release would have affected the placental bed to the 


exclusion of the myometrium, kidneys, and the sys- 
temic vasculature. In addition, our laboratory has pre- 
viously shown that prostacyclin does not dilate the 
maternal placental circulation in me face of norepi- 
nephrine- -induced vasoconstriction.! 

We are left to conclude that Sate. does not 
dilate the maternal placental vascular-bed during an- 
giotensin II-induced vasoconstriction. Furthermore, 
prostacyclin significantly worsens the placental vascular 
responses to angiotensin II, increasing resistance by 
48% (p < 0.05) and decreasing placental blood How by 
56% (p < 0.004). It-follows from these data that the 
maternal placental vascular response to prostacyclin in 
the constricted state is both anomalous and unique. 


We wish to thank Dr. John Pike of the Upjohn Com- 
pany for supplying the prostacyclin with which this re- 
search was conducted. 
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A comparison of sheep and human fetal oxygen delivery 
systems with use of a mathematical model 


Frans J. Huikeshoven, M.D., Ph.D., Inez D. Hope, Ph.D., Gordon G. Power, M.D., 
Raymond D. Gilbert, Ph.D., and Lawrence D. Longo, M.D. 


Loma Linda, California 


Human fetal cardiac output measured with ultrasound is only about 60% of that found in the sheep. We 
modified a previously developed mathematical model of the fetal circulation and oxygen delivery in sheep 
for the human in order to study several differences. The model-predicts that a human fetus can maintain 

its oxygen delivary with a relatively low cardiac output because of its relatively high fetal hemoglobin 
concentration, as compared with that of the sheep fetus. Thus an inverse relationship between fetal 
hemoglobin corcentration and fetal cardiac output is suggested. This relationship may be mediated by the 
influence of red blood cell concentration on blood viscosity. Furthermore, it indicates that fetal anemia 
should be detectable by ultrasound measurements of increased cardiac output and/or umbilical blood flow. 
Dynamic responses of the model suggest that the mechanism of late and variable decelerations in the 
fetal heart rate pattern is mediated via a fall in arterial oxygen tension. (AM J OBSTET GYNECOL 


1985;151:449-55.) _ 


Key words: Ultrasound measurement of fetal cardiac output, blood viscosity, fetal anemia 


There is a striking difference between values of car- 
diac output and umbilical blood flow measured in the 
human and lamb fetus. Cardiac output and umbilical 
blood flow in the fetal lamb have been measured with 
electromagnetic flow probes, and dye, thermodilution, 


and microsphere techniques.’* In the human fetus, 


measurements have been made with ultrasound and 
Doppler teckniques.** Reported values for cardiac out- 
put and umbilical flow in humans are about 60% of 
those reported for the healthy, chronically catheterized 
fetal lamb. One may conclude that these differences 
result from different techniques and favor the more 
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numerous measurements and varied techniques re- 
ported for the fetal lamb over the limited human results 
with noninvasive methods. However, the flow values 
reported in humans with Doppler techniques are con- 
sistent with cardiac output values computed from 
changes in ventricular dimensions measured with two- 
dimensional real-time ultrasound,’ findings which sup- 
port a real cross-species difference. 

It is true that in acute experiments with exteriorized 
fetal lambs, values of cardiac output as low as those 
measured in the human have been reported’; however, 
results of chronic experiments indicate that such values 
are incompatible with normal oxygen delivery to the 
fetal lamb. In addition, estimates of fetal oxygen con- 
sumption indicate that this value is similar in humans 
and sheep.’ 

To study more thoroughly these apparently irrec- 
oncilable differences between the human and the sheep 
fetus, we used a previously described mathematical 
model of the fetal circulation and oxygen delivery to 
explore how several known differences between these 
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Fig. 1. Schematic of the overall structure of the model. AA, 
Ascending aorta; BR, brain; DA, descending acrta; FPL, fetal 
side placenta; HE, liver; IN, intestines; IVC, inferior vena cava; 
LA, left atrium; LB, lower body; MPL, maternal side pla- 
centa; MY, myocardium; PA; pulmonary artery; PV, pulmo- 
nary, bed; RA, right atrium; SVC, superior vena cava; UB, 


upper body; UV, umbilical vein(s). Steady-state values of the. 


model scaled to a 3 kg human fetus for pressures and oxygen 


tensions. P, Blood pressure in millimeters of mercury; PO», 


oxygen tension in millimeters of mercury. Flows are in milli- 
liters per minute. l : 


species change the predictions of the model. Table I 
lists the differences we examined between sheep and 
humans. The model allows us to study theoretically the 
effects of a decrease in cardiac output, an increase in 
hemoglobin concentration, and a change in blood vis- 
cosity in fetal sheep. Both the effects on steady state 
and the dynamic responses to transient decreases in 
maternal or fetal placental flow were explored. The 
results suggest a theoretical basis to explain how results 
in experimental animals can differ from those in 
humans. > ` | 


| Methods 


We have previously. described in detail the mathe- 
matical mode]. of the fetal circulation and oxygen de- 
livery." Summarizing briefly, the fetal circulation was 
divided into 16 compliant compartments as shown in 
Fig. 1. Blood pressure in each compartinent was de- 
termined by its stressed volume and compliance. Lines 
connecting the compartments indicate possible flow, 
which, in general, is linearly related to the pressure 
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Table I. Explored differences in 
parameter values | 






Parameter 


Fetal cardiac output ` 444 279 
(ml + min“': kg"! 

Fetal hemoglobin level 11 17 
(gm : 300mI~') 


Constants for fetal hemo- 
globin oxygen dissocia- 


-tion curve. 
kı 1.32 1.32 
kə 0.32 0.39 
Relative viscosity of fetal 3.3 5.2 
blood {water = 1) 
Constants for maternal he- 
moglobin oxygen disso- 
ciation curve 
kı e 1.62 1.44 
ko 0.22 0.39 
Maternal hemoglobin ae 10 . 12 
(gm: 190 ml’) 
Maternal oxygen saturation 85 90 
(%) 
Overall p.acental oxygen 0.83 1.66 
diffusing capacity ` : 
(ml + min™! mm 


Hg~' + kg™') 


' difference between the two compartments. Resistance 


to flow is located between compartments, that is, each 
compartment representing an organ has an inflow and 
outflow resistance. Cardiac output was derived from 
cardiac function curves for both ventricles. The ma- 
ternal placental compartment was -modeled as a pool 
with constant input and output of blood. Placental oxy- 
gen exchange was linearly related to the oxygen tension 
difference between the maternal and fetal placental 
exchange vessels. Each compartment has an oxygen 
content with its oxygen inflow being the product of the 
blood flow and the oxygen concentration of the inflow- 
ing blood. Oxygen outflow is modeled in a similar fash- 
ion. In compartments representing an organ system, 
the oxygen consumption is modeled by extracting oxy- 
gen at a constant rate’ within the compartment. Baro- 
receptors and chemoreceptor responses are not in- 
cluded. 

The model was scaled for a 3 kg fetal lamb. As far 
as possible, values for parameters were derived from 
chronic sheep experiments. We refer to our detailed 
description® for the normal steady-state values for 
blood volumes, pressures, oxygen tensions, and flows 
used in the model. ' 

Using the model, we explored how several steady- 


_ state values would change if selected parameters were 


scaled to human values. To scale the cardiac output to 
a human value, we decreased it but maintained the 
normal sheep distribution of blood flow, pressures, and 
volumes and oxygen consumption. We produced these 
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Table II. Values for organ blood flow and oxygen tension for the sheep model with changed cardiac 


output and hemoglobin concentration 







Cardiac output: 444 
ml- min“! + kg™' 


Hemoglobin: 11 gm > 100 ml™' 





Cardiac output: 279 
mi + min” 


Hemoglobin: 11 gm - 100 ml! 


Cardiac output: 279 
ml- min™' + kg! 
Hemoglobin: 17 gm - 100 ml"! 





I 


r kg! 


Flow Po, Flow Po, Flow Po, 
Organ (ml: min`!) (mm Hg) (ml min`!) (mm Hg) (ml: min™') (mm Hg) 

Brain 22 15.6 14 0 14 15.2 
Intestines 19 17.4 12 10.5 12 17.0 
Liver 10* 23.8 6* 20.5 6* 23.6 
Lower body 90 17.1 56 9.7 56 16.7 
Lungs 30 18.8 19 13.3 19 18.5 
Myocardium 20 15.7 12 0 12 15.3 
Placenta 1807 32.4t 112ł 32.97 112ł 32.1ł 
Upper body 105 19.0 66 13.7 66 18.7 


*Arterial blocd supply. 
tFetal side. 


changes in the system by multiplying all resistances by 
a factor, while simultaneously dividing the cardiac func- 
tion values by the same factor. For instance, a 50% 
decrease in cardiac output resulted from an increase 
of all resistances to 200% of their values and a 50% 
decrease of the cardiac function values. 

We also examined the effects of differences between 
human and sheep fetal hemoglobin concentrations, 
oxygen dissociation curves, maternal hemoglobin con- 
centrations, and maternal oxygen tensions by changing 
the appropriate model parameters. Total oxygen con- 
sumption and blood volume do not differ substantially 
between species. Because of the lack of data on humans, 
we used sheep values for the distribution of blood vol- 
umes, pressures, and flows and oxygen consumption. 
As a result, the theoretical model is scaled for a lamb 
with the central circulation adjusted to human values. 
Some of the possible errors resulting from these as- 
sumptions are discussed later. 

We explored effects of different hemoglobin con- 
centrations cn blood viscosity and thus cardiac output. 
Our computations assumed that a hemoglobin value of 
3.4 gm/100 ml corresponds to a hematocrit of 10%, 
which allowed us to relate viscosity directly to the he- 
moglobin concentration.” ° We also studied the dy- 
namic responses in both species to transient decreases 
in maternal and fetal placental blood flow. 


Results 


Cardiac output, hemoglobin, and oxygen delivery. 
The combired cardiac output in the fetus is the sum 
of both ventricular outputs minus the pulmonary blood 
flow. Its value in the model, scaled for the lamb, is 444 
ml- min” kg. A 64% decrease in combined cardiac 
output to 283 ml - min” - kg’, with no change in blood 
pressure, flow distribution, or oxygen consumption, is 
the minimum value compatible with adequate oxygen 


delivery. However, under these circumstances, in some 
compartments venous blood oxyhemoglobin saturation 
is 0%. To obtain venous oxyhemoglobin saturations of 
5% or above (corresponding to a venous Po, of 8 mm 
Hg or higher), the cardiac output has to be above 303 
ml: min" - kg~'. To obtain a oxyhemoglobin saturation 
of 10% (Po, of 10 mm Hg), a cardiac output of 324 
ml- min'- kg’, 74% of the normal value, is required. 
The critical organs of observation are the brain and 
myocardium. It should be stressed here that the model 
does not include a possible change in myocardial oxy- 
gen consumption or redistribution of blood flow. 

The computed boundary values for normal oxygen 
delivery depend on fetal hemoglobin concentrations. 
Fig. 2 shows the predicted boundaries for the combined 
cardiac output as a function of fetal hemoglobin con- 
centrations. The fetal hemoglobin level in the sheep is 
reported to be between 9 and 12 gm/100 ml; a value 
of 11 gm/100 ml was used in the model. Fig. 2 shows 
that the normal human fetal hemoglobin level, that is, 
between 15 and 20 gm/100 ml, is compatible with lower 
cardiac outputs as far as critical limits for minimum 
oxygen consumption are concerned. Table II gives val- 
ues of flows and oxygen tensions for the model in three 
cases: a fetal lamb, a fetal lamb with a cardiac output 
comparable to that of the human, and a fetal lamb with 
both cardiac output and hemoglobin concentration 
scaled to human values. This table illustrates the com- 
pensatory effect of the increase in hemoglobin concen- 
tration. 

Cardiac output, hemoglobin, and viscosity. The 
change in cardiac output with maintenance of normal 
blood pressure, distribution of flow, and volumes ex- 
amined in our mode] has been observed in experiments 
studying the effect of change in blood viscosity in adult‘ 
and fetal"! animals. These experiments suggest that the 
cardiac output is inversely proportional to the blood 
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Fig. 2. Interrelations of combined cardiac output (CO) (sum 
of ventricular output minus pulmonary flow), in ml - min’ « kg 
fetal weight’, and hemoglobin concentration (HB) and oxygen 
delivery. The shaded area shows where normal oxygen delivery 
is compromised. The solid line indicates the combinations of 
cardiac output and hemoglobin where in some organs all avail- 
able oxygen is used in order to provide a normal oxygen 
consumption. Dashed lines indicate combinations where the ve- 
nous blood of every organ contains at least 10% or 20% of its 
capacity. The normal values for the lamb (®) and human (W) 
are shown. 


viscosity. In general, the viscosity effect on cardiac out- 
put is explained only by its effect on peripheral vascular 
resistance.’ However a study using our model indicates 
that an increase in the peripheral resistance alone can- 
not explain the experimentally observed fall in cardiac 
output concomitant with no change in the arterial blood 
pressure.” '! A direct effect on the performance of the 
heart itself in addition to the increase in peripheral 
resistance has to be assumed. The similarity between 
the observed experimental effects of viscosity changes 
and the changes made in our model to study differences 
in cardiac output suggests that differences in fetal car- 
diac output may result directly from changes in vis- 
cosity. 

Blood viscosity is mainly determined by the hema- 
tocrit and to a lesser extent by the plasma proteins. 
Several studies indicate only minor differences in the 
viscosity of fetal and maternal blood of species with the 
same hematocrit.” > We computed the influence of 
hemoglobin concentration on cardiac output by assum- 
ing that the latter is inversely related to the viscosity, 
mediated by an increase in peripheral resistance to- 
gether with a decrease in cardiac performance as dis- 
cussed before. Fig. 3 presents the results of these 
computations together with reported values of fetal he- 
moglobin concentrations and combined cardiac output 
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Fig. 3. Effect of viscosity on combined cardiac output (CO) 
(sum of ventricular outputs minus pulmonary flow) in 
ml- min’ - kg fetal weight’. The solid line indicates changes 
in normal human value (@) due to changes in viscosity. The 
interrupted line indicates the boundary combinations of com- 
bined cardiac output and fetal hemoglobin (HB) for adequate 
oxygen delivery (see Fig. 2). Values for the baboon” (0), rhesus - 
monkey" (O), and sheep’ (@) are shown. 


for different species. The data for rhesus monkeys" 
and baboons” are from acute experiments in which the 
fetus was in utero, comparable with early sheep stud- 
ies.’ Fig. 3 shows that the computed relationship be- 
tween fetal cardiac output and hemoglobin concentra- 
tions depicted in Fig. 2 and the predicted changes due 
to viscosity are in agreement for hemoglobin values 
between 8 and 20 gm/100 ml. Thus the fetal cardiac 
output differences between sheep and humans not only 
are efficient as far as oxygen delivery is concerned but 
might be expected from the difference in viscosity. The 
observed decrease in human umbilical flow’ and cardiac 
output‘ per kilogram of fetal weight, coupled with the 
fact that the human fetal hemoglobin concentration 
rises at the end of pregnancy, agrees well with this 
concept. 

One may question what happens when a human fetus 
becomes anemic, as may occur in conditions such as Rh 
disease, a-thalassemia, and twin transfusion syndrome. 
The model predicts that the maintenance of adequate 
oxygen delivery requires an increase in fetal cardiac 
output; this increase can be effected by a decrease in 
fetal blood viscosity. The increase in fetal cardiac output 
due to a decreased hemoglobin concentration is sub- 
stantial and should be readily detectable by ultrasound 
techniques. We therefore predict that the relationship 
between hemoglobin concentration and cardiac output 
may provide a clinically relevant diagnostic tool in the 
detection of fetal anemia. It should be noted, however, 
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Fig. 4. Predicted responses of oxygen tension in the ascending 
(Po,,A) and descending (Po,,D) aorta to a decrease in maternal 
placental blood flow (QMP) in the human (solid lines) and the 
sheep (dashed tines) fetus. 


that in severe prolonged fetal anemia the increased 
cardiac output may be lessened by an increase in hepatic 
resistance due to extreme extramedullary hemato- 
poiesis.” 

Oxyhemoglobin dissociation curves. To study the 
effects of other parameter differences, we adjusted the 
model to the human by increasing the fetal hemoglobin 
level to 17 gm/100 ml and lowering the combined car- 
diac output to 279 ml: min’ - kg" 

Differences in blood oxygen affinity can also affect 


fetal oxygen delivery. The human fetal and maternal - 


oxyhemoglobin dissociation curves are different from 
those in the sheep. The curves used in our model have 
the form: 


log P = k, + k, X log (S/100—S) 


where P is the oxygen tension in millimeters of mer- 
cury, S is the percent of oxyhemoglobin saturation, and 
k; and k, are constants, k, = 1.44 and k, = 0.39 for 
human maternal blood and k, = 1.32 and k, = 0.39 
for fetal blood.'® '° These curves are closely approxi- 
mated in humans in vivo, which produces a limit for 
adequate placental oxygen transfer. The model pre- 
dicts that a change from the sheep to human dissocia- 
tion curves Is incompatible with normal oxygen delivery 
to the fetal organs, even after the maternal hemoglobin 
level is adjusted from 10 to 12 gm/100 ml and the 
maternal oxygen saturation from 85% to 90% (human 
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Fig. 5. Predicted responses of the fetal ascending aortic oxygen 
tension (PO) and blood pressure (PAA) and umbilical flow to 
the placenta (QAP) to a 30-second partial (dashed lines) and 
total (solid lines) obstruction in the umbilical vein. The begin- 
ning and end of the obstruction is indicated by arrows. 


values). To obtain normal oxygen delivery to the fetus 
with arterial oxygen tensions comparable to fetal lamb 
values, a doubling of overall placental oxygen diffusing 
capacity (from 0.83 to 1.66 ml- min`: mm Hg": kg 
fetal weight") is necessary. The overall placental dif- 
fusing capacity incorporates factors for uneven distri- 
bution, shunting, and other influences of the spatial 
arrangement of the exchange vessels. A more detailed 
model is needed to study placental differences between 
humans and sheep. The results of steady-state values 
for compartmental blood pressure and oxygen tension 
and central blood flows incorporating all these changes 
are given in Fig. 1. 

Dynamic responses. Under these conditions we sim- 
ulated a 75% decrease in maternal placental blood flow 
for 30 seconds. Fig. 4 shows the predicted changes in 
the oxygen tension in the fetal ascending and descend- 
ing aorta. Because of differences in circulation time the 
predicted delay between the onset of the disturbance 
and the fall in Po, is slightly longer in humans. In sheep 
experiments a 20-second decrease in uteroplacental 
blood flow is followed by a bradycardia with a time delay 
of 10 to 20 seconds, depending on the level of fetal 
oxygenation prior to the disturbance.” In the model’s 
results, the time delay between the decrease in maternal 
blood flow and the observed fall in fetal arterial oxygen 
tension is comparable. 

Fig. 5 shows the model’s response of fetal arterial 
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oxygen tension to a 30-second total, and partial, occlu- 
sion of the umbilical vein. These predicted responses 
are comparable with reported sheep experimental 
data*': The reported decrease in ascending aortic Po, 
from 22 to 18 mm Hg after 40 seconds of a 50% de- 
crease in umbilical flow agrees with the model’s pre- 


diction. The reported ascending aortic Po, after 40 . 


seconds’ total obstruction is 11 mm Hg, also compatible 
with the model’s predicted decrease to 14 mm Hg in 
30 seconds. This uncontrolled model with no feedback 
mechanisms predicts a slight fall in fetal arterial blood 
pressure. This response may differ when reflexes are 
taken into account. 

The response of fetal arterial oxygen tension to a 
temporary decrease in maternal placental blood flow is 
comparable with the decrease in fetal heart rate seen 
in late decelerations. Likewise, the response to a tem- 
porary decrease in umbilical venous flow corresponds 
with the observed fall in fetal heart rate in variable 
decelerations. This suggests that both late and variable 
responses in fetal heart rate are mediated through a 
fall in oxygen tension. 


Comment . 


Many results from experiments in laboratory animals 
_ are not directly transferrable to human physiology. The 
apparently low fetal cardiac output measured with ul- 
trasound in humans has raised questions concerning 
the reliability of the technique. Because of this, simul- 
taneous measurements in animals using ultrasound and 
direct methods need to be conducted. Nonetheless, our 
theoretical study predicts that the difference in fetal 
cardiac output between humans and sheep may be real 
and related to the difference in fetal hemoglobin con- 


centrations. It must be stressed, however, that many 


parameter values in the model, of necessity, are based 
on laboratory experiments with sheep. The model em- 
bodies the blood distribution found in fetal sheep and 
the distribution in humans may be different. In par- 
ticular, flow to the much larger human brain should be 
greater, although studies in sheep and primates indi- 
cate that blood flow per unit of brain mass 1s fairly 
constant in different species. '* * 

We conclude that the mathematical model is useful 
in providing a theoretical understanding of the differ- 
ences between the sheep and the human fetus. This 
explanation includes a basis for the agreement between 
sheep and human oxygen delivery and responses to 
disturbances of it. However, it must be stressed that the 
higher human hemoglobin concentration only com- 
pensates for the lower cardiac output for substrates 
transported by red blood cells. This implies that several 
ratios of substrates would have substantial interspecies 
differences. We also speculate that fetal anemia should 
be detectable and measurable by the ultrasound tech- 
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nique. Finally, we believe that an extension of the model 
to include control of heart rate through chemoreceptor 
and baroreceptor reflexes may provide a tool to explain 
further the behavior of the fetal heart rate in humans. 
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Intrauterine growth retardation induced by thiamine deficiency 
and pyrithiamine during pregnancy in the rat 


Bryan Roecklein, B.S., Sondra Warren Levin, M.D., Marcella Comly, B.S., and 


Anil B. Mukherjee, M.D., Ph.D. 
Bethesda, Maryland 


The role of nutritional factors in the development of prenatal and postnatal growth retardation is not well 
understood. We tested if thiamine deficiency may cause intrauterine growth retardation in rats. From the 


second day of gestation Sprague-Dawley rats were freely fed either a nutritionally complete or a thiamine- 
deficient diet. A similar group of rats was pair-fed with a complete or a thiamine-deficient diet and daily 
pyrithiamine injections (50 4.g/100 gm of body weight) were given to precipitate thiamine deficiency during 
the short gestation of the rat. Maternal thiamine levels in blood and brain tissues, maternal erythrocyte 
transketolase activity with thiamine pyrophosphate effects, and fetal tissue thiamine levels were measured. 
The results indicate that feeding a thiamine-deficient diet in conjunction with pyrithiamine injections caused 


sufficient thiamine deficiency to induce intrauterine growth retardation in the progeny. We conclude that 
thiamine deficiency alone during in utero development in the rat may contribute to intrauterine growth 


retardation. (AM J OBSTET GYNECOL 1985;151:455-60.) - 


Key words: Intrauterine growth retardation, thiamine deficiency, fetal alcohol syndrome 


Intrauterine growth retardation (IUGR), a charac- 
teristic feature of fetal alcohol syndrome,"? is one of 
the major causes of prenatal mortality. However, the 
precise mechanism by which alcohol causes IUGR re- 
mains obscure. Alcohol itself may be harmful to the 
developing fetus by transient impairment of umbilical 
circulation,® but it is also conceivable that various side 
effects of ethanol metabolism, such as the production 
of acetaldehyde, ketones, and hypoglycemia, contribute 
to fetal alcohol syndrome.*® Furthermore, chronic al- 
cohol abuse is frequently associated with nutritional 
deficiencies. For example, alcohol directly interferes 
with the active transport of thiamine from the gut.’ 
Ideally, one would like to determine the contribution 
of the direct and indirect toxic effects of ethanol in 
causing IUGR and fetal alcohol syndrome. However, 
such a model system is unavailable at present. It is en- 
tirely possible that the toxic effects of ethanol are much 
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more pronounced in the fetus when a nutritional de- 
ficiency state is reached in the mother. 

The present investigation was, therefore, undertaken 
to determine the contribution of nutritional factors, 
such as thiamine deficiency alone, as a cause of IUGR. 
Thus in this model one would be able to study an iso- 
lated nutritional component (for instance, thiamine de- 
ficiency) separately from the direct toxic effects of 
ethanol. 

Here, we report that thiamine deficiency alone dur- 
ing pregnancy in the rat causes fetal growth retarda- 
tion and may be a major contributing factor in the 
production of IUGR in fetal alcohol syndrome. The 
parameters indicative of IUGR included decreased fe- 
tal body weight and disproportionate decreases in fetal 
brain and liver weights which resulted in a higher brain/ 
liver ratio.® 


Material and methods 


Sprague-Dawley rats (9 weeks old, from the second 
postcoital day) were used for all experiments (Taconic 
Farms, New York). Diets were obtained from Bio-Serv 
Inc., Frenchtown, New Jersey. Control and thiamine- 
deficient diets contained 4.4 and 0.4 mg of thiamine 
per kilogram of diet, respectively. Pyrithiamine hy- 


455 


š 
Me: 


456 Roecklein et al. 


A Control 
© Deficient 


WEIGHT (GM) 





DAYS 


Fig. 1. Maternal weight changes during gestation in group 1 
dams. Note similar rate of weight gain. Values represent 
means + SEM. 
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Fig. 2. Maternal weight changes during gestation in group 2 
dams. Note that dams given thiamine-deficient diets and daily 
pyrithiamine injections lost weight within 8 to 10 days com- 
pared to control animals that continued to gain weight 
throughout gestation. Values represent means + SEM. Arrow 
represents day of injection of subcutaneous thiamine and re- 
turn of experimental animals to control diet ea an ensuing 
weight gain. 


ausbronmide and thiamine hydrochloride were supplied 
by Sigma Chemical Co., St. Louis, Missouri. 

The’ rats were housed under standard laboratory 
conditions with periods of 12 hours light/12 hours dark 
and weighed daily: Wire-bottom cages were used to 
prevent coprophagia and water was given as desired. 
Dams were emcee into four groups and pu on regi- 
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Fig. 3. Maternal weight changes during gestation in group 3 
dams. Note that these dams showed similar patterns of weight 
change because of pair-feeding. Values represent means + 
SEM. Arrow represents day of reconstitution with ‘subcuta- 
neous thiamine and return of experimental animals to control 
diet with an ensuing weight gain. 


mens as follows; group 1, thiamine-deficient versus 
control diet as desired; group 2, same as group | but 
dams also received daily subcutaneous injections of a 
thiamine antagonist,. pyrithiamine; group 3, same as 
group 2 except that dams were pair-fed rather than 
provided with diet as desired; group 4, control diet with 
daily pyrithiamine injections versus pair-fed controls 
receiving saline solution injections. Pyrithiamine was 
given in a dose of 50 yg/100 gm of body weight to 
precipitate thiamine deficiency.’ Rats were considered 
to be thiamine deficient when overt signs of encepha- 
lopathy, for instance, ataxia, loss of righting reflexes, 
opisthotonus, and seizures, were observed. At this 
point, pyrithiamine injections were stopped, and the 
animal was injected with subcutaneous thiamine at a 
dose of 100 mg per kilogram of body weight® and re- 
turnec to a control diet for the remainder of the ex- 
perimental period. 

Rats were put to death by decapitation on the nine- 
teenth day of gestation (term, 22 days) and maternal 
serum was collected and kept on ice for glucose analysis 
bya Beckman glucose analyzer. Fetuses were randomly 
removed by cesarean section from both uterine horns. 
Fetal body weight, placental weight, brain weight, and 
liver weight were recorded, and fetuses examined for 
any gross malformation. 

To determine maternal and fetal thiamine levels, 
dams receiving a thiamine-deficient-diet and daily pyri- 
thiamine injections were put to death at day 13 to 15 
of gestation. During this time period the rats became 
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Thiamine levels 


Maternal blood 
(ugil00 ml ) 


Maternal | brain 


Diet (pglgm protein) 


Control, at will 


127-2 42 994 +94 
Thiamine deficient and 30+ 0.6 43+ 1.1] 
pyrithiamine 
Pair-fed control, 452+ 1.15 8.64 + 0.56 


thiamine deficient 
plus pyrithiamine 





| Table I. Maternal and fetal thiamine levels and transketolase activity with thiamine pyrophosphate effect | 
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Transketolase activity (nmol/min/mg protein) 
























Effect of 
Without With thiamine 
Fetal homogenate thiamine | — thiamine pyrophosphate 
(uglgm protein) | pyrophosphate | pyrophosphate Che) 
38.5 +112 128201 120407 0 
3.48* 5.097 8.577 68 
6.14* 8.44t 8.197 0 





Values represent the mean + SD. 
*Sole value obtained in this category. 
` +Average of two determinations. 


Table H. Weight comparisons—fetal parameters 


Placental weight (mg) 


| Control | Experimental 


Body weight (gm) 








Experimental 










Brain weight (mg) 


Experimental 


Liver weight (mg) Brainiliver ratio. - 





1 2.52 + 0.21 2.36 + 0.30 475 + 60 470+ 95 110+ 15 115+ 13 148+ 31 131 + 25 0.79 + 0.25 0.90 0 | 
we p > 0.05 p>005 — p > 0.05 p > 0.05 p>6.05 oe. 

-. 2 161 + 0.39 1.30 + 0.25 466+ 90 381456 99+ 14 75+15 115+ 30 81+ 26 0.99+031 102 0.37 $ 
oe p < 0.05 p< 0.01 p < 0.01 p < 0.0] p>005 2 
$1.29 + 0.17 1.13 + 0.25 387 +70 316+ 71 73+13 63+21 78+ 22 50+ 18 1.0 + 0.30 1.38 + 0.67 Jone 
an p< 0.01 `. p<o0l p > 0.05 p< 0.01 p < 0.05. w 
4 «142 + 0.15 1.47 + 0.11 436+ 82 418 £69 92+16 95+6 103+19 100+ 13 090+ 0.17 0.96 + O13. iis 

a p > 0.05 p > 0.05 p > 0.05 p > 0.05 p> 0.05 





Values represent mean + SD. 
*Significance of data was tested by two-tailed ¢ test. 


ill enough to require subcutaneous thiamine reconsti- 

tution. The appropriate pair-fed dams receiving a con- 

trol diet and daily pyrithiamine were also put to death 

simultaneously. Samples of maternal whole blood and 

= maternal brain homogenates were analyzed for thia- 

- . mine levels (Bio-Science Laboratories, Columbia, Mary- 

land). Aliquots of maternal blood were also processed 

for assay of transketolase activity and related thiamine 

_. pyrophosphate effect according to established proce- 

-> dure.” Moreover, fetuses from thiamine-deficient and 

© from control mothers were homogenized to determine 

a ae ; thiamine levels in fetal tissues. Total protein in maternal 

and fetal tissue homogenates was determined by the 

. = method of Lowry et al. and the thiamine levels were 

normalized for all tissues. 

Data (see Table H) were analyzed by two-tailed Stu- 

dent’s ¢ test? between control and treated groups at 
different fetal parameters for each treatment group. 








Results 


Maternal parameters. Animals in group | exhibited 
no difference in weight gain throughout the gestational 
period (Fig. 1). In group 2 the animals on a thiamine- 
deficient diet and receiving pyrithiamine lost weight 
within 8 to 10 days whereas control animals continued 
to gain weight bag a geau (ig. 2). Experi- 







mental animals in group 3 demonstrated a similar de 
crease in weight, but because of pair-feeding thei 
weights of control animals also decreased (Fig. 3) 
When dams on a thiamine-deficient diet in gr oups. 2. 
and 3 showed signs of encephalopathy, they received 
subcutaneous thiamine injections and returned to: a m l 
tritionally complete diet. A subsequent weight gain was 
observed within 48 hours of reconstitution. oe 
Representative thiamine levels obtained at the e 
of illness secondary to thiamine deficiency are shown’ 
in Table I. As indicated, maternal blood and brain thia- : 
mine levels from animals receiving a thiamine-deficient — 


diet plus pyrithiamine are approximately 25% and E 
15%, respectively, of those found in a dam receiving 


a control diet at will. Maternal erythrocyte transketo- | 
lase activity was also measured. As demonstrated in Ta- 
ble I, maternal blood from thiamine-deficient dams 


showed low activity with a marked thiamine pyrophos- 


phate effect that averaged 68%. A thiamine pyrophos- 
phate effect is generally regarded as an index of thia- _ 
mine deficiency.” No such thiamine pyrophosphage ” i 
effect was demonstrated for dams on a control diet. 


Maternal glucose levels determined at the time of oe 


sacrifice were not significantly different between thia- 


mine-deficient and control dams P= NS) for all F 


groups investigated. 










s, placentas, and brains. Com- 
posite pictures show similarity of experimental and control 





fetuses in group 4. Left: Experimental; Right: control. 


Fetal parameters. The effect of thiamine deficiency 
on fetal body weight, placental weight, brain weight, 
liver weight, and brain/iiver ratio is presented in Ta- 
ble H. 

The fetal parameters recorded for groups I and 4 
demonstrated no significant differences (p > 0.05). Fig. 
4 is a composite picture showing the similarity of ex- 
perimental and control fetuses from group 4 in terms 
of body size, placental size, and brain size. 

Experimental fetuses from group 2 did show signif- 
icant differences when compared to control fetuses. 
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Fig. 5. Comparison of fetuses, placentas, and brains. Com- 
posite picture on the left represents fetus born of a mother 
given a thiamine-deficient diet and pyrithiamine during ges- 
tation. Composite picture on the right represents fetus born 
to a control mother. 





The mean difference in body weight was significant at 
the p < 0.05 level, whereas mean differences in pla- 
cental, brain, and liver weights were significant at 
p < 0.01. The mean difference in brain/liver ratio wi 
not found to be significant (p > 0.05). 

For group 3 the mean differences in weight of fetal 
body, placenta, and liver as well as brain/liver ratios 
were significant. Fig. 5 illustrates the differences be- 
tween a fetus from an experimental mother and one 





froma pair-fed control mother. 
Further information regarding group 3 fetuses is 
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provided in Table I. As shown, the thiamine level of 
fetal homogenate derived from a dam on a thiamine- 
deficient diet and pyrithiamine was approximately 10% 
of the value obtained from control fetuses and one half 
the level found in pair-fed control fetuses. 

No fetuses of any of the groups investigated dis- 
played obvious dysmorphic features. 


Comment 


Thiamine deficiency induced by a thiamine-deficient 
diet plus pyrithiamine causes IUGR in the rat. How- 
ever, a thiamine-deficient diet alone is not enough to 
precipitate significant deficiency of this vitamin in the 
rat within its short gestational period. This was dem- 
onstrated by the fact that rats fed a thiamine-deficient 
diet in group | displayed no maternal weight loss and 
showed no signs of encephalopathy. Additionally, the 
fetuses of these animals showed no evidence of IUGR. 
It has recently been reported that thiamine-deficient 
female rats do not reproduce." This excluded the use 
of animals in which thiamine deficiency was induced 
prior to pregnancy. Therefore, for our study we in- 
duced thiamine deficiency in the dams after successful 
mating by using a thiamine antagonist, pyrithiamine. 
This structural analogue of thiamine produces classical 
symptoms of thiamine deficiency during a relatively 
short period of time by reducing thiamine pyrophos- 
phate availability in tissues. Furthermore, pyrithiamine 
enhances excretion of thiamine in urine and prevents 
thiamine pyrophosphate from combining with enzyme 
proteins’ where it serves as a coenzyme. As a result of 
pyrithiamine’s antagonism of thiamine, combined with 
a deficient diet, rats in groups 2 and 3 experienced 
weight loss after 8 to 10 days and showed signs of en- 
cephalopathy after 12 to 14 days. Without pyrithiamine 
it generally takes 4 to 5 weeks for rats to become ill on 
a thiamine-deficient diet alone,'® which is much longer 
than a rat’s gestational period. 

The fetuses of the rats receiving a thiamine-deficient 
diet at will and daily pyrithiamine injections (group 2) 
demonstrated characteristics of IUGR as previously de- 
scribed.* However, these findings did not take into ac- 
count the severe maternal weight loss of the experi- 
mental rats compared to the contro] rats. Therefore, 


_ to eliminate malnutrition as a variable, pair-feeding was 


used to normalize the weight differences as observed 
in group 2. 

The fetuses of dams in group 3 demonstrated char- 
acteristics of IUGR. Evidence that these experimental 
dams became thiamine deficient has been provided (Ta- 
ble I). Thiamine-deficient status was, therefore, estab- 
lished on both clinical and biochemical grounds. An 
absolute value for fetal tissue thiamine was also ob- 
tained, indicating that maternal thiamine deficiency is 
indeed transmitted to the developing fetuses. Finally, 
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to ensure that the data obtained were due only to the 
relative thiamine deficiency induced by pyrithiamine 
and not to any toxic effects of pyrithiamine, we studied 
group 4. This group demonstrated no significant dif- 
ferences between the means of the parameters inves- 
tigated. The results of the experiment suggest that 
pyrithiamine alone does not cause IUGR. 

We therefore feel that a lack of thiamine during early 
development induces IUGR in rats. The reduced body 
weight, placental weight, and liver weight are indicative 
of IUGR and the higher brain/liver ratio (that is, “brain 
sparing”) is consistent with IUGR seen in man.” 

As in all experimental situations, extrapolation of 
data. from animal models to humans should be done 
with caution. Nonetheless, our rat model may enable 
one to gain insight into the mechanisms by which nu- 
tritional factors may induce IUGR in fetal alcohol syn- 
drome. 


We thank Mr. Richard Staton for his assistance in 
statistical analysis of the data. 


REFERENCES 


J. Jones KL, Smith DW, Ulleland C, Streissguth AP. Pattern 
of malformation in offspring of chronic alcoholic moth- 
ers. Lancet 1973;1:1267. 

2. Ouellette EM, Rosett HL, Rosman NP, Weiner L. Adverse 
effects on offspring of maternal alcohol abuse during 
pregnancy. N Engl J Med 1977;297:528. 

3. Mukherjee AB, Hodgen GD. Maternal ethanol exposure 
induces transient impairment of umbilical circulation and 
fetal hypoxia in monkeys. Science 1982;218:700. 

4. Korsten MA, Matzuzaki $, Feinman L, Lieber CS. High 
blood acetaldehyde levels after ethanol administration. N 
Engl | Med 1975;292:386. 

5. Dwyer J. Impact of maternal nutrition on infant health, 
Med Times 1983;111:30. 

6. Lewis NJ, Akazawa S, Freinkel N. Teratogenesis from B- 
hydroxybutyrate during organogenesis in rat embryo or- 
gan culture and enhancement by subteratogenic glucose 
[Abstract]. Diabetes 1983;32 (suppl 1):11A. 

7. Abel EL, Greizerstein HB. Growth and development in 
animals prenatally exposed to alcohol. In: Abel EL, ed. 
Fetal alcohol syndrome. Boca Raton: CRC Press, 1982. 

8. Evans MI, Schulman JD, Golden L, Mukherjee AB. Su- 
perovulation-induced intrauterine growth retardation in 
mice. AM J OBSTET GyNECOL 1981;141:433. 

9. Barclay LL, Gibson GE, Blass JP. Impairment of behavior 
and acetylcholine metabolism in thiamine deficiency. J 
Pharmacol Expt Ther 1981;217:537. 

10. Schellenberg GD, Wilson NM, Copeland BR, Furlong CE. 
Transketolase from human red blood cells. Methods En- 
zymol 1982;90:223. 

11. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem 
1951;193:265. 

12. Rodbard D, Cole BR, Munson PJ. Development of a 
friendly, self-teaching, interactive statistical package for 
analysis of clinical research data: The BRIGHT STAT 
PACK. In: Dayhoff RE, ed. Seventh Annual Symposium 
on Computer Application and Medical Care, October 23- 
26, 1983. Silver Spring, Maryland: IEEE Computer So- 
ciety Press. 1983:701-4. 

13. Brin M. Thiamine deficiency and erythrocyte metabolism. 
Am J Clin Nutr 1963;12:107. 

14. Greenwood J, Love ER, Pratt OE. The effects of alcohol 


Roecklein et al. 


or of thiamine deficiency upon reproduction in the female 
rat and fetal development. Alcohol Alcoholism 1983; 
18:45. 

15. Steyn-Pave EP. The mode of action of some thiamine 
analogs with anti vitamin activity. In: Wolssteinholme 
GEW, O’Connor M, ed. Thiamine deficiency. Boston: Lit- 
tle, Brown, 1967. 


February 15, 1985 
Am J Obstet Gynecol 


16. Dreyfus PM. The quantitative biochemical distribution of 
thiamine in deficient rat brain. J Neurochem 1961;8:139. 

17, Evans MI, Lin C-C. Retarded fetal growth. In: Lin C-C, 
Evans MI, eds. Intrauterine growth retardation: patho- 
physiology and clinical management. New York: McGraw 
Hill, 1984. 





Ovine placental vascular response to the local application 


of prostacyclin 
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Kenneth E. Clark, Ph.D., and John H. G. Rankin, Ph.D. 


Madison, Wisconsin, and Cincinnati, Ohio 


Rankin et al. have shown that prostacyclin does not dilate the ovine placenta, yet Clark et al. have shown 
that retrograde infusion of prostacyclin dilates the uterine vasculature. To determine the effects of 
prostacyclin on the sheep placenta, the two groups have collaborated. In five chronically catheterized near- 
term sheep, blood flows were measured by the radioactive microsphere :echnique. Control blood flows 
were measured and prostacyclin infused into the retrograde uterine artery catheter at 10 g/min. The blood 
flows were again measured, and the area served by the catheter was then delineated by the injection of 

a green dye at the time of maternal euthanasia. The placenta and cotyledons were separated and the kidneys 
were obtained for assay. The systemic effects of prostacyclin were minimal and have been observed 
previously. The resistance of the myometrium fell from 566 + 99.9 to 322 + 63.9 mm Hg: mi~ - min - gm 
(p < 0.002). The placental tissue showed no change in resistance. When the tissues were combined, 

we observed a decrease in resistance from 0.38 + 0.18 to 0.82 + 0.14 mm Hg- mi~’ - min (p < 0.004), 
thereby confirming the observation that there was indeed vasodilation downstream. However, the 
vasodilation was not in the placenta but in the myometrium, and we reconfirm our previous conclusion that 
prostacyclin does not dilate the sheep placenta. (AM J OBSTET GYNECOL 1985;151:460-4.) 


Key words: Prostacyclin, placental vasculature, microsphere technique, retrograde infusion 


The effect of prostacyclin on uterine and placental 
blood flow has been investigated in many species in- 
cluding the dog, sheep, rat, and human. Prior work by 
Clark et al." * has shown prostacyclin to be a potent 
uterine vasodilator in the nonpregnant sheep and to 
produce a 28% increase in blood flow to the pregnant 
sheep uterus when measured with an electromagnetic 
flowprobe on the uterine artery. This is not in agree- 
ment with prior work by Rankin et al.* who have shown 
that prostacyclin increases placental vascular resistance 
when infused systemically to the pregnant ewe. 
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In order to resolve these apparent differences, we 
have collaborated in a joint study to examine the effects 
of maternal prostacyclin infusion on the maternal uter- 
ine placental and nonplacental vascular beds in the 
pregnant ewe. 


Material and methods 


The protocol and preparation of Clark et al.? were 
reproduced, in that maternal drug administration was 
via retrograde uterine catheter at a dose of 10 pg/min 
of prostacyclin. Measurements of blood flow were made 
by analysis of microsphere distribution in order to dif- 
ferentiate uterine placental and nonplacental changes 
in blood flow. Five sheep of between 120 and 130 days 
of gestation were used. 

Surgical procedures. Surgery was performed under 
ketamine anesthesia, 8 mg intramuscularly and 0.1 mg/ 
ml intravenous drip, with supplemental Nembutal as 
needed. The animals were not given food for 48 hours, 
and water was withheld for the day preceding surgery. 
Both maternal femoral arteries were catheterized, as 
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was the left jugular vein and left ventricle. Midline ab- 
dominal incisions were made to expose the uterine ves- 
sels, and a retrograde catheter was placed in a lateral 
branch of the maternal middle uterine artery and 
threaded back to the point of branching of the artery. 
A small uterine incision was made, and fetal hindlimb 
vein and arterial catheters were placed. The uterus was 
oversewn and all catheters brought out through the 
flank to a small cloth pouch on the animal’s left side. 
Sheep were allowed a postoperative recovery period of 
3 to 4 days. These procedures have been previously 
described by Buss et al.* and Clark et al.’ 

Experimental procedures. All experiments were 
done on postoperative day 3 or 4. The ewe was allowed 
to acclimate to a stanchion while blood pressure and 
pulse were recorded via a pressure transducer placed 
at the level of the scapulohumeral joint. 

Prostacyclin was prepared within | hour of the ex- 
periment from frozen stock solution in 0.05 mol/L Tris 
buffer, diluted in fresh Tris buffer. Clark et al.? used 
a solution made fresh from crystaline sodium prosta- 
cyclin and dissolved in 0.01 mol/L Tris base buffer with 
a pH of 9.4. The prostacyclin was supplied by the Up- 
john Company. A 5-minute control infusion of buffer 


solution was given via the retrograde uterine catheter. 


followed by a microsphere injection into the left ven- 
tricle. Blood withdrawal, at 4.12 ml/min via the femoral] 
artery catheter, continued for 2 minutes after the mi- 
crosphere injection. A 5-minute test infusion of 10 wg/ 
min of prostacyclin was then given, and again micro- 
spheres were injected during the fifth minute. Fetal 
viability was established before and after each experi- 
ment by monitoring of fetal heart rate via the hindlimb 
catheter. The ewe was killed at the end of the experi- 
ment. Green dye was instilled via the retrograde uterine 
artery catheter to indicate which cotyledons and uterine 
tissue were exposed to the prostacyclin. Immediate lap- 
arotomy was performed, with removal of the uterus 
and contents and maternal kidneys. 

The microspheres used (3M Co. and New England 
Nuclear) were 15 wm in diameter and labeled with 
either ‘Ce, *Sr, I, or Sc. Each injection consisted 
of 15 pCi of radioactivity in 0.40 ml of 10% dextran in 
normal saline solution and contained approximately 
10° microspheres. 

Measurements and tissue preparation. Measure- 
ments were made of maternal blood pressure and heart 
rate with a Statham P23Db transducer and cardiota- 
chometer. 

The tissues were processed following the. experi- 
ment. Placental cotyledons were separated from fetal 
membranes and myometrium, weighed, and bottled. 
Green and nongreen myometrium were separated, 
weighed, and homogenized with measured amounts of 
water. Ten aliquots, approximately 3 ml in volume, 
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Fig. 1. The effects of prostacyclin (PGI) infusion on the re- 
sistance of placental tissues downstream from the retrograde 
catheter (experimental) and the tissue that was not downstream 
from the retrograde catheter (nonexperimental). 


were taken from each homogenate. The kidneys were 
also homogenized in similar fashion, and five aliquots 
were taken from each. 

Radioactivity was assayed by means of a Nuclear Chi- 
cago 1185 3-channel gamma counter. The number of 
spheres in each organ and the blood flow to that organ 
were determined using previously described methods.* 
Three isotopes were used, so the sample stream was 
preceded by three standards, each containing a known 
number of microspheres of each type used in the study. 
The spillover of each isotope in the other channels and 
the counts per minute per sphere were determined 
from the information obtained from the standard vials. 
Knowledge of the spillover of each isotope in the other 
channels and the counts per minute per sphere enabled 
us to calculate the number of spheres of each type in 
each vial. Blood flows were calculated by equations pre- 
viously described.* The vascular resistance of an organ 
was defined as the maternal blood pressure divided by 
organ blood flow. Statistical analysis was by paired ¢ test 
with logarithmic transformation of data where ratios 
were compared. We have previously tested the method 
of retrograde dye injection and microsphere localiza- 
tion in the placenta to ensure that there is good cor- 
relation between the area dyed and the presence of 
previously injected microspheres. 


Results 


Five sheep were used. All measurements are given 
as mean + SEM. Tris (0.05 mol/L) buffer infusion was 
given during the control observations. The following 
results were obtained during the infusion of prosta- 
cyclin. 

There was no significant change in blood pressure 
with control maternal arterial measurements of 78 + 6 
mm Hg and test measurements of 74 + 4mm Hg (not 
significant). The maternal heart rate did change sig- 
nificantly from a mean of 135 to 168 bpm with an 
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. ‘Fig. 2. The effect of prostacyclin infusion on the resistance of `. 


nonplacental (uterine) tissues downstream from ‘the retro- 


grade catheter (experimental) and the tissue that was not dowh- ` 


stream from the retrograde catheter (nonexperimental). 
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- ‘average increase of 26.2% (p < 0.006). This increase 
_ was also seen in the experiments of Clark et al.? Renal 
: blood flow increased significantly following the infusion 

of prostacyclin from 364 + 33 ml/min (baseline) to . 
431 + 34 ml/min (test period), with p < 0.003. Renal 


vascular resistance fell from a mean of 0.24 + 0.03 to 
0.18 + 0.02 mm Hg min`? ml with p < 0.002. . 


The tissues that had been dyed green were used to. 
calculate the experimental changes in blood flow and: 


resistance in the placental and nonplacental uterine tis- 


sue. Nongreen tissues showed no changes in resistance, . 


with an average experimental/control resistance ratio 


of 0:97 for the myometrium and 1.10 for’the-cotyle- 
dons. In Fig. 1 we compare the changes in resistance“ 
per gram of tissue-in the experimental tissues to the’ 
results in thé nonexperimental {contralateral side) tis- 


-a 





Control PGlo . 


Fig. 3. The effect of prostacyclin infusion‘on blood flow to ` 
- the placental tissues downstream from the retrograde catheter 
£ `> (experimental) and the tissue that was not downstream from the, 

‘retrograde catheter (nonexperimental).. .. . a | 
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` Fig. 4. The effect of administering prostacyclin on the blood 


flow in the vascular bed downstream from the retrograde cath- 
eter (experimental). This vascular bed consists of ‘placental 


and nonplacental uterine tissue. 


. sues. In the nonplacental uterine tissue there was a drop 


in vascular resistance from 566 + 99.9 mm Hg: ml"'- 
min - gm to 322 + 63.9 mm Hg: ml"! : min - gm (p < 


0.002), while the nonexperimental tissue showed no 


significant change in vascular resistance during the test 
situation with.a control observation of 466 + 93.5 mm 


Hg: ml“! min - gm anda test value of 447 + 67.5 mm 


Hg > ml“! : min - gm (not significant). The placental tis- 
sues showed no change in vascular resistance under test 
conditions in either the experimental or nonexperi- ' 


= mental portions of the placenta, with calculated re- 


sistance of. the ‘vasculature within the distribution’ of 
the cannulated. artery of 34+ 5 and 37 +5 mm 
Hg ml: min- gm (not significant) and the non- 


“experimental tissue resistances of 29 + 3.5 and 33 + 


3.9 mmHg- ml~'-’min- gm in the control and: test 
periods. - | . 

‘In the experimental tissues, nonplacental blood flow 
increased significantly in the test period, whereas pla- 


_ Cental blood flow showed no significant change. In Fig. 
2 the changes in uterine nonplacental and placental 


blood flows are shown. The mean blood flow to non- 
placental tissue during the prostacyclin infusion was 
136 + 25 ml/min (total How) with a control value of 
75 + 12 ml/min (p < 0.007). The cotyledonary blood 
flow during the infusion remained constant at 236 + 
46 ml/min swith a contro] value of 213 + 45 ml/min 
(not significant). 

-If.the total flow to both placental and nonplacental 
tissues is combined, however, a significant overall in- 
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crease in blood flow is seen in this series and would 
have been detected by a flowprobe on the catheter- 
ized artery. The combined flow during infusion was 
349 + 64 ml/min compared to a control value of 
311 + 57 ml/min (p < 0.009), with a mean increase of 
12%. The decrease in vascular resistance of the com- 
bined tissues in the experimental part of the uterus was 
also significant. The mean resistance in the test period 
is 0.32 + 0.14 mm Hg - ml~!- min, with control resis- 
tance of 0.38 + .18 mm Hg- ml"'- min (p < 0.004) 
(Figs. 3 and 4). 


Comment 


The experimental conditions and protocol described 
by Clark et al.? have been reproduced. We saw a sim- 
ilar change in heart rate with the prostacyclin infusion, 
with no significant change in blood pressure. In the 
present study prostacyclin was prepared in Tris buffer, 
frozen until used, and then further diluted in Tris on 
the day of the study. In the studies of Clark et al.'? 
prostacyclin solutions were made from crystalline so- 
dium prostacyclin in Tris (0.01 mol/L) on the day of 
infusion. Therefore there may have been some deg- 
radation in the present study to the stable metabolite 
6-keto-prostaglandin Fa- However, Clark et al.? have 
shown that this compound has minimal and variable 
activity on the ovine uterine vasculature, and it should 
not have had a significant effect on the results. 

Our laboratory has extensive experience with the mi- 
crosphere technique. The major source of error with 
this technique, too few microspheres in the integrated 
arterial or organ tissue samples, was avoided in that 
there were >400 microspheres in each sample.’ All tis- 
sues were prepared carefully and counted in similar 
fashion, so that it would be unlikely that any counting 
or calculation error would have affected only the ex- 
perimental tissues. 

In our previously reported work,’ catecholamines 
may have played a role in placental vascular responses 
because.of hypotension resulting from the systemic ad- 
ministration of prostacyclin. In the series of experi- 
ments described here it would seem unlikely that this 
occurred because the drug was applied locally via the 
retrograde uterine catheter and blood pressure did not 
change. 

The responses of the renal and uterine vasculature 
are consistent with published data in the sheep.” **7 If 
we had looked at the myometrial and placental tissues 
as a whole, we would have concluded that vasodilation 
had occurred in the uterine vascular bed. With the 
microsphere technique we were able to separate pla- 
cental from nonplacental tissue. It is clear that while 
there is decreased resistance in the nonplacental vas- 
cular bed, the placenta is unaffected, with no significant 
change in resistance or blood flow. 


Placental response to local prostacyclin 463 


Uterine contractile activity is associated with de- 
creased placental blood flow, but prostacyclin and Tris 
buffer (as vehicle) have been shown not to cause in- 
creases in either contractile activity or uterine tone.” 

Clark et al.? have previously shown that a 28% in- 
crease in uterine artery blood flow occurred at a pros- 
tacyclin infusion rate of 10 g/min. We show a mean 
change of 11.6%. There are several possible reasons 
for this discrepancy in the absolute value of the change. 
The amount of prostacyclin versus the stable metabolite 
6-keto-prostaglandin F,, may have been different, dif- 
ferent breeds of sheep may have been used, and the 
animals may have been sampled at different times dur- 
ing the infusion. 

Though it is difficult to apply results obtained with 
animal models to humans, there are case reports of 
prostacyclin administration to preeclamptic patients 
which are explicable with use of our model.*° In both 
cases, prostacyclin infusions were begun in women with 
established preeclampsia. In the first case, severe fetal 
bradycardia developed despite improved maternal vital 
signs; in the second, fetal death occurred despite stable 
maternal parameters. There are many possible mech- 
anisms by which the prostacyclin may have affected the 
fetoplacental unit in these instances, one of which being 
decreased placental perfusion. 

It now seems well established that prostaeyelint is de- 
creased in maternal and fetal serum in states of chronic 
placental insufficiency.'”'® The decreased levels of pros- 
tacyclin may be an effect rather than a cause of the 
vascular deficiencies seen in these states. It seems wise 
to follow established guidelines for the treatment of 
pregnancy-induced hypertensive disorders until the 
mechanisms of the decrease have been more clearly 
elucidated. 


We wish to thank Dr. John Pike of the Upjohn Com- 
pany for his help in providing the prosaplandins used 
in this work. 


REFERENCES 


1. Clark KE, Austin JE, Stys SJ. Effect of bisenoic prosta- 
glandins on the uterine vasculature of the nonpregnant 
sheep. Prostaglandins 198];22:333-48. 

2. Clark KE, Austin JE, Seeds AE. Effect of bisenoic pros- 
taglandins and arachidonic acid on the uterine vasculature 
of pregnant sheep. AM J OBSTET GYNECOL 1982;142: 
261-8. 

3. Rankin JHG, Phernetton TM, Anderson DF, Berssen- 
brugge AD. Effect of prostaglandin 1, on ovine placental 
vasculature. J Dev Physiol 1979;1:151-60. 

4. Buss DD, Bisgard GE, Rawlings CA, Rankin JHG. Utero- 
placental blood flow during alkalosis i in the sheep. Am J 
Physiol 1975;228:1497-500. 

5. Buckberg GD, Luck JC, Payne DB, Hoffman JIE, Archie 
JP, Fixler DE. Some sources of error in measuring re- 
gional blood flow with radioactive microspheres. J Appl 
Physiol 1971;31:598-604. 

6. Rankin JHG, Phernetton TM, Stock MK, Schwartz DB. 
Effect of PGI, on the response of the ovine placenta to 
norepinephrine. Prostaglandins 1982;24:207-13. 


Landauer et al. 


7. Resnik R, Brink GW. Uterine vascular response to pros- 
tacyclin in nonpregnant sheep. AM J OBSTET GYNECOL 
1980; 137:267-9. 

8. Fidler J, Bennett MJ, deSwiet M, Ellis C, Lewis PJ. Treat- 
ment of pregnancy hypertension with prostacyclin. Lancet 
1980;2:31-2. 

9, Lewis PJ, Shepherd GL, Ritter J, et al. Prostacyclin and 
pre-eclampsia. Lancet 1981; 1(8219):559. 

10. Bussolino F, Benedetto C, Massobrio M, Camussi G. Ma- 
ternal vascular prostacyclin activity in pre-eclampsia. Lan- 
cet 1980;2:702. 

11. Carreras LO, Defreyn G, van Houtte E, Vermyten J, van 
Assche A. Prostacyclin and prè- eclampsia. Lancet 
1981;1:442. 

12. Dadak C, Kefalides A, Sinzinger H, Weber G. Reduced 
umbilical artery prostacyclin formation in complicated 
pregnancies. AM J OBSTET GYNECOL 1982;144:792-5. 

13. Goodman RP, Killam AP, Brash AR, Branch RA. Pros- 


February 15, 1985 
Am J Obstet Gynecol 


tacyclin production during pregnancy: comparison of 
production during normal pregnancy and pregnancy 
complicated by hypertension. AM J OBSTET GYNECOL 
1982:142:817-22. 

14. Jogee M, Myatt L, Elder MG. Decreased prostacyclin proe- 
duction by placental cells in culture’ from pregnanciés 
complicated by fetal growth retardation. Br J Obstet Gy- 
naeccl 1983;90:247-50. 

15. Bodzenta A, Thomson JM, Poller L. Prostacyclin activity 
in amniotic fluid in pre-eclampsia. Lancet 1980;2:650, 

16. Lewis PJ, Boylan P, Friedman LA, Hensby CN, Downing 
I. Prostacyclin in pregnancy. Br Med J 1980;280:1581-2. 

17. Stuart MJ, Sunderji SG, Yambo T, et al. Decreased pros- 
tacyclin production: a characteristic of chronic placental 
insufficiency syndromes. Lancet 1981;1:1126-8. 

18. Downing I, Shepherd GL, Lewis PJ. Reduced prostacyclin 
an in pre-eclampsia. Lancet 1980;2:1374. 





Effect of dexamethasone treatment on sex steroid—binding 
protein, corticosteroid- binding globulin, and steroid hormones 


in cycling rhesus macaques 
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Beaverton and Portland, Oregon, and Seatile, Washington 


We tested the hypothesis that dexamethasone lowers sex steroid—binding protein levels and observed the 
effect of dexamethasone on corticosteroid-binding globulin and specific steroid hormones in plasma. 

Four cycling rhesus macaques were studied during three consecutive menstrual cycles (first and third 
cycles served as controls): In the second cycle, each animal received 0.5 mg of dexamethasone 
intramuscularly at 8:00 am and 8:00 pm daily for 21 consecutive days. Blood samples were taken at 1- to 
3-day intervals during each cycle. Concentrations of sex steroid—binding protein, corticosteroid-binding 
globulin, cortisol, testosterone, progesterone, and estradiol were measured in plasma. The percentage and 
plasma concentration of free testosterone were also determined. Within 2 days of treatment, 
dexamethasone suppressed cortisol to 5% of baseline values, which réturned in the third cycle. All cycles 
were ovulatory. Dexamethasone significantly lowered plasma levels of all the compounds except 
progesterone: sex steroid—binding protein, — 30%; corticosteroid-binding globulin, — 14%; testosterone, 

— 36%; and estradiol, — 45%. The percentage of free testosterone was significantly elevated, but free 
testosterone concentrations were unchanged. Although our data conclusively show that dexamethasone 
suppresses plasma sex steroid—binding protein levels in the rhesus macaque, it remains to be established 
whether this suppressive effect leads to an.increase in the metabolic clearance rate of testosterone. 


(AM J OBSTET GYNECOL 1985;151:464-70. ) 
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Administration of pharmacologic amounts of dexa- 
methasone to female. rhesus macaques results in a 
marked increase in the metabolic clearance rate of es- 
tradiol.’ Studies also show that there is a rise in the 
metabolic clearance rate of estradiol and testosterone 
following administration of adrenocorticotropic hor- 
mone to women.” We were intrigued by the possibility 
that these findings may. be explained by a mechanism 
of altered sex steroid—binding protein levels in plasma. 
Lowered ccncentrations of sex steroid—binding protein 
would result in an increase in the percentage of free 
estradiol and testosterone. Depending on the produc- 
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Fig. 1. Plasma levels of sex steroid~binding protein (SBP), testosterone, estradiol, corticosteroid- 
binding globulin (CBG), cortisol, and progesterone throughout three consecutive menstrual cycles 


of a representative study animal. 


tion rate of these hormones, free estradiol and testos- 
terone levels may also increase, resulting in an elevated 
metabolic clearance rate of the hormones. 

The effect of dexamethasone on levels of circulating 
sex steroid—binding protein has been studied by a num- 
ber of investigators and remains controversial. Most of 
the studies conclude that there is no change*® in sex 
steroid—binding protein concentrations; however, a 
decrease® © and an increase’! in sex steroid—binding 
protein levels have also been reported. The present 
investigation was carried out to determine the effect of 
dexamethasone on plasma sex steroid—binding protein 
levels during the menstrual cycle of the rhesus ma- 
caque, with the use of a rigorous experimental design. 
We also observed the effect of dexamethasone on cir- 
culating levels of corticosteroid-binding globulin, cor- 


tisol, total and free testosterone, progesterone, and es- 
tradiol. 


Material and methods 


Animals. Four female rhesus macaques (Macaca mu- 
laita) from the Oregon Regional Primate Research 
Center were used in this study. The animals weighed 
between 5.1 and 7.8 kg and had a history of regular 
menstrual cycles. They were housed in individual cages 
in light-controlled (lights on from 7:00 AM to 7:00 pm) 
and temperature-controlled (23° + 2° C) quarters. The 
animals were given’ Purina Monkey Chow, and water 
was freely available to them. Examinations for men- 
strual bleeding were made daily, and the day of onset 
of menses was designated as day 1 of the cycle. 

Treatment. The animals were studied during three 
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Fig. 2. Plasma sex steroid—binding protein (SBP), corticoste- 
roid-binding globulin (CBG), and cortisol levels during the 
study periods in the three consecutive menstrual cycles of all 
four animals. The data were transformed to logarithms and 
adjusted for animal and cycle day differences. The 95% con- 
fidence limits of the menstrual cycle means are plotted for 
each compound. i 


consecutive menstrual cycles in which the treatment 
cycle was preceded and followed by a control cycle. One 
‘half milligram .of dexamethasone (Decadron phos- 
phate, Merck, Sharp & Dohme, West Point, Pennsyl- 
vania) was administered in the treatment cycle and 0.5 
ml of normal saline solution was given in the control 
cycles by intramuscular injection at 8:00 am and 8:00 
PM daily for 21 consecutive days beginning at day 5 of 
each cycle. 

Sampling. Blood samples (4 ml) were collected into 
heparinized syringes at 8:00 Am on days 5, 6, 7, 8, 9, 


? 25 7 25 
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12, 14, 16, 19, 21, 23, and 25 of each cycle. The samples 
were obtained within 3 minutes of the initial approach 
by venipuncture in the animal’s own cage. The blood 
was immediately centrifuged at 2000 rpm for 20 min- 
utes at 4° C, and the plasma was frozen and stored at 
— 20° C.. l , 

Assays. Plasma concentrations of sex steroid—bind- 
ing protein, corticosteroid-binding globulin, cortisol, 
progesterone, estradiol, and testosterone were quan- 
titated as follows: Sex steroid—binding protein and cor- 
ticosteroid-binding globulin were measured by dieth- 
ylaminoethy! cellulose filter paper assays as described 
previously.’ '* We have demonstrated previously that 
the sex steroid—binding protein filter assay correlates 
very highly with our enzyme-linked immunosorbent 
assay for sex steroid—binding protein and that the two 
assays may be used interchangeably." Therefore, it is 
justified to use the filter assay to measure sex steroid— 
binding protein levels. Specificity studies by different 
investigators show insignificant binding of corticoste- 
roids to sex steroid—binding protein'* '® and no bind- 
ing of dexamethasone to corticosteroid-binding glob- 
ulin.” '* Progesterone, estradiol, and testosterone were 
measured: at the Oregon Primate Research Center 
radioimmunoassay laboratory by assay methods de- 
scribed previously!**! and validated in that facility. 
These steroids were quantitated by radioimmunoassay 
following extraction of the compounds with diethyl 
ether and separation by LH-20 column chromatogra- 
phy. Cortisol was measured directly in diluted plasma 
as described by Walsh et al.” 

Calculation of percentage of free testosterone. The 
percentage of free testosterone was calculated from 
equations derived from the mass action relationships 
for sex steroid—binding protein and albumin as de- 
scribed by Tabeli et al.” Concentrations of sex steroid— 
binding protein, albumin, and total testosterone were 
obtained experimentally and used in the calculations. 
Albumin was quantitated colorimetrically and the con- 
centration did not change significantly during the three 
study cycles of each animal. The equilibrium constants 
of association of testosterone to macaque sex steroid— 
binding protein (Kssr = 1.37 xX 10° L/mol) and al- 
bumin (Kar; = 2.02 x 10* L/mol) were also used in 
the calculations. The absolute levels of free testosterone 
(picograms per milliliter) were calculated from the 
product of the total testosterone concentration and the 
percentage of the free hormone. 

Statistical analysis. The data were analyzed by the 
Statistical Package for the Social Sciences™ as a three- 
way repeated-measures factorial analysis of variance 
with unequal cell frequencies. The three factors were 


“individual animal variation, day of cycle variation, and 


treatment effects. Sums of squares were calculated by 
the classic experimental design approach, and mean 
treatment effects were adjusted for animal and cycle 
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Table I. Effect of dexamethasone treatment as a percentage of control levels 







Mean plasma concentration 






Sex steroid—binding 127 89 — 30 <0.001 
protein (nmol/L) l | 

Testosterone (pg/ml) 450 290 — 36 <0.05 

Estradiol (pg/ml) 126 70 — 45 <0.01 

Corticosteroid-binding 766 662 -14 <0.05 
globulin (nmol/L) 

Cortisol (g/100 ml) 16.1 0.8 -95 <0.001 

Progesterone (ng/ml) 2.32 2.15 - 7 >0.20 





*The control represents the mean of values from the two untreated cycles. 
Significance of the t test for differences between dexamethasone-treated and untreated cycles in log transformed units. 


day differences. The animal-by-treatment interaction 
served as the error term when a priori single degree 
of freedom contrasts of treatment effects were evalu- 
ated. Data were transferred to natural logarithms to 
achieve a higher multiple correlation coefficient. 


Results 


Plasma levels of sex steroid—binding protein, testos- 
terone, estradiol, corticosteroid-binding globulin, cor- 
tisol, and progesterone throughout three consecutive 
menstrual cycles in a representative study animal are 
depicted in Fig. 1. Dexamethasone highly suppressed 
cortisol levels within 1 to 2 days of treatment. The levels 
returned to baseline values 5 to 6 days following dis- 
continuation of treatment. Sex steroid—binding protein 
concentrations were decreased on tke third day follow- 
ing the initiation of dexamethasone administration. 
Throughout the treatment cycle, sex steroid—binding 
protein levels were considerably lower and corticoste- 
roid-binding globulin only slightly lower compared to 
the control cycles. All cycles were ovulatory, on the basis 
of elevated progesterone concentrations in the luteal 
phase. A midcycle peak of estradiol was observed in 
each cycle but appeared to be suppressed in the treat- 
ment cycle. Also testosterone levels were lower in the 
treatment cycle when compared to the control cycles. 

Plasma sex steroid—binding protein, corticosteroid- 
binding globulin, and cortisol concentrations during 
the study periods in the three consecutive menstrual 
cycles of all four animals are shown in Fig. 2. The 
graphs show the observations adjusted for animal and 
cycle day differences with the 95% confidence limits 
around the mean value of each compound in all the 
cycles. Data from the first two days of dexamethasone 
treatment were eliminated in all animals because cor- 
tisol levels were not yet maximally suppressed in the 
treatment cycle. The results show that dexamethasone 
completely suppressed baseline cortisol concentrations 
which returned to the former levels in the subsequent 
control cycle. Levels of sex steroid~binding protein 
were considerably lower in the treatment cycle com- 


pared to the control cycles. Levels of corticosteroid- 
binding globulin in the dexamethasone cycle were only 
slightly lower than the control values. 

The effect of dexamethasone treatment as a per- 
centage of control plasma sex steroid—binding protein, 
corticosteroid-binding globulin, and steroid hormone 
levels is shown in Table I. Dexamethasone suppressed 
cortisol levels to 5% of the control values. The sex ste- 
roid—binding protein level decreased by 30% and cor- 
ticosteroid-binding globulin by 14%. We also observed 
sizable decreases in the sex steroids, ranging from 7% 
to 45%. The differences between mean control and 
treatment cycles in log transformed units are significant 
for all the compounds except progesterone (Table I). 

The adjusted means and standard errors of plasma 
sex sterold—binding protein, total testosterone, and free 
testosterone concentrations, as well as the percentage 
of free testosterone in the three consecutive study cy- 
cles, are shown in Table II. As indicated before (Table 
I), dexamethasone significantly lowered sex steroid— 
binding protein and total testosterone levels from con- 
trol values. During dexamethasone treatment cycles, 
the mean percentage of free testosterone was signifi- 
cantly higher than the corresponding mean control 
values. However, the mean free testosterone concen- 
trations in the dexamethasone-treated and untreated 
cycles did not differ significantly. 


Comment 


In the present study we attempted to gain an un- 
derstanding of the observations in primates and women 
that the metabolic clearance rates of estradiol and tes- 
tosterone are influenced by pharmacologic doses of 
dexamethasone. We explored the possibility that these 
findings may be explained by a mechanism of al- 
tered plasma sex steroid—binding protein concentra- 
tion rather than a change in the pathways of steroid 
biosynthesis and/or metabolism. The results of this 
study provide the first direct evidence that dexameth- 
asone lowers plasma levels of sex steroid—binding pro- 
tein in a primate species. Dexamethasone lowered sex 
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Table II. Comparisons of plasma levels of sex steroid—binding protein, total and free testosterone in 
transformed units, and percentage of free testosterone in dexamethasone-treated and control cycles 


Control 


Treatment 


Adjusted Sample Adjusted Sample 
mean + SE size mean + SE size 


Log normal sex steroid— 4.81 + 0.013 
binding protein 

Log normal total testosterone 5.99 + 0.105 

Log normal free testosterone 2.73 + 0.063 

% free testosterone 3.84 + 0.093 


7C 4.46* + 0.018 33 
75 5.51f + 0.144 39 
66 2.45 + 0.079 33 
66 4.77* + 0.131 33 





*Significantly different from the mean of the two control cycles (p<0.001). 
TSignificantly different from the mean of the two control cycles (p<0.05). 


steroid—binding protein levels from control values by 
30%. This decrease was consistent as evidenced by the 
high ¢ statistic for sex steroid—binding protein (16.325). 

As expected, the percentage of free testosterone in- 
creased in the treatment cycle of each animal (Table 
II) because of the reduced levels of sex steroid—binding 
protein. The calculated percentage of free testosterone 
is dependent on the plasma levels of sex steroid—bind- 
ing protein, albumin, and total testosterone. Under the 
present experimental conditions, the concentration of 
albumin did not change in the control and treatment 
cycles of each animal. Also, mathematical modeling” 
shows that the percentage of free testosterone is nearly 
independent of total testosterone concentrations over 
the normal range of values. Therefore, the major con- 
trolling factor which determines the percentage of free 
testosterone is sex steroid—binding protein. 

The absolute concentration of free testosterone did 
not change significantly during the treatment cycles, 
despite lowered peripheral levels of total testosterone 
during that period (Table II). Dexamethasone sup- 
presses the normal secretion of adrenal testosterone as 
well as androstenedione.” In approximate amounts, 
the adrenal gland directly contributes 25% to the cir- 
culating levels of testosterone, and another 25% of this 
androgen arises from peripheral conversion of adrenal 
androstenedione; the remaining 50% of circulating 
testosterone originates from the ovary.** ** The degree 
of adrenal androgen suppression by dexamethasone is 
related to both the dosage and the duration of admin- 
istration of the drug. In the present study, dexameth- 
-asone decreased testosterone levels by 36% from con- 
trol levels (Table I). 

In their study of the effect of dexamethasone (2 mg 
per day) on plasma sex steroid—binding protein and 
free androgen levels during three periods (early follic- 
ular, midcycle, and midluteal) of the menstrual cycle in 
normal women, Kim et al.’ concluded that sex steroid— 
binding protein levels were not affected by dexameth- 
asone because mean plasma levels were similar during 
treated and untreated cycles. However, this conclusion 
is based on blood samples from only two women who 


were studied sequentially in normal and treatment cy- 
cles. Moreover, one woman demonstrated a 30% to 40% 
decrease in sex steroid—binding protein levels during 
the treatment cycle, whereas the sex steroid—binding 
protein concentrations were unaltered in the second 
subject. A third subject was studied only during the 
treatment cycle and had sex steroid—binding protein 


levels approximately twofold higher than the corre- 


sponding values observed in the other two subjects (in 
either treatment or control cycles), thereby resulting in 
biased elevated mean sex steroid—binding protein val- 
ues after dexamethasone administration. In the same 
study, Kim et al.* found that the plasma levels of total 
and free testosterone during dexamethasone suppres- 
sion were significantly lower than those found during 
normal cycles. They attributed the decreased values to 
reduction of adrenal androgen production by dexa- 
methasone, assuming that the glucocorticoid had no 
significant effect on normal ovarian function. 

Several other studies have examined the effect of 
dexamethasone on plasma sex steroid—binding protein 
and total and free testosterone levels in women with 
idiopathic hirsutism and hirsutism associated with 
polycystic ovarian syndrome. In hirsutism, concentra- 
tions of total and free testosterone are usually elevated. 
Long-term suppression of elevated androgens by dexa- 


methasone administration has been recommended by 


some investigators as the primary form of therapy in 
patients with hirsutism.” However, there is disagree- 
ment regarding the efficacy of this type of treatment 
on circulating androgens. Some investigators“ ®’ have 
reported a significant decrease in total testosterone as. 
well as free and/or unbound (not sex steroid—binding 
protein bound) testosterone levels in patients with id- 
iopathic hirsutism or polycystic ovarian syndrome fol- 
lowing dexamethasone administration (0.5 to 2 mg per 
day). On the other hand, Lachelin et al.* took into con- 
sideration the glucocorticoid effect on circadian fluc- 
tuation of hermones and found only a 15% decrease 
in total testosterone levels in four patients with poly- 
cystic ovarian syndrome, in comparison to a 46% de- 
crease in normal women, after dexamethasone admin- 


d 
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istration (1 mg per day) for 1 month; free testosterone 
was not measured. Levels of sex stezoid—binding pro- 
tein or testosterone bound to sex steroid—binding pro- 
tein were also measured in the same studies,“°*° and 
the data are conflicting. Wu’ found that the mean per- 
centage of testosterone bound to sex steroid—binding 
protein was decreased significantly from pretreatment 
values and suggested that dexamethasone (2 mg per 
day) may deplete sex steroid—binding protein levels. In 
the other studies, the investigators* * * reported no 
change in sex steroid—binding protein levels following 
dexamethasone administration (0.5 to 1 mg per day) 
for 2 weeks to 1 month. Therefore, only the data from 
Wu? are consistent with our findings of suppressed sex 


steroid—binding protein levels in response to dexa- ' 


methasone. The reason(s) for the unaltered sex ste- 
roid—binding protein levels in the other studies*®° are 
unknown, although the dose and schedule of dexa- 
methasone treatment and sampling frequency may be 
significant factors. In the studies cuoted above, com- 
parisons were made between sex steroid—binding pro- 
tein levels measured in a very limited number (usually 
one) of pretreatment and posttreatment samples. An 
attempt to compare sex steroid—binding protein levels 
in women, consistently over a wide range of days as we 
have done in the rhesus, would be worthwhile. 

In our study, dexamethasone also lowered plasma 
corticosteroid-binding globulin and estradiol levels 
from control values but had no significant effect on 
progesterone concentrations (Table I). The decrease 
(14%) in corticosteroid-binding glabulin in response to 
dexamethasone was lower and more variable than the 
effect on sex steroid—binding protein. The ¢ statistic for 
corticosteroid-binding globulin was low (3.074), reflect- 
ing the large variability of this binding protein between 
animals and between cycles (Fig. 2). Dexamethasone 
apparently had no effect on ovulation as judged by the 
luteal phase increases of progesterone concentrations. 
Similar data have been reported for progesterone in 
women.” Although dexamethasone decreased estra- 
diol concentrations by 45% from control values, it is 
not likely that this decrease resulted in lowered sex 
steroid—binding protein levels since estradiol does not 
stimulate sex steroid—binding protein production in the 
adult female rhesus macaque.” * Dexamethasone 
probably lowers sex steroid—binding protein levels by 
a direct effect on hepatic steroid biosynthesis as op- 
posed to a secondary effect of lowered estradiol con- 
centrations. In the human, there is no significant effect 
of dexamethasone on estradiol concentrations.” The 
possibility that the decrease in estradiol from control 
levels in the present study is due to infrequent sampling 
cannot be excluded, since blood samples were obtained 
at 2-day intervals around the time of the midcycle es- 
tradiol peak. 

There is evidence in rhesus macaques and in women 
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that the administration of pharmacologic doses of dexa- 
methasone or adrenocorticotropic hormone results in 
an increase in the metabolic clearance rate of estradiol 
within | to 3 days after treatment is inihated.’* It has 
previously been calculated that 80% of the total met- 
abolic clearance rate of estradiol in the adult female 
rhesus macaque may be accounted for by splanchnic 
estradiol uptake alone.” Thus, an increase in hepatic 
blood flow could explain the increase in the metabolic 
clearance rate of estradiol, but it should also result in 
an increase in the metabolic clearance rate of estrone. 
Since the latter was not observed in the study by Long- 
cope etal.,' it is unlikely that increased blood flow alone 
is the cause for the elevated metabolic clearance rate 
of estradiol after dexamethasone treatment. Alterna- 
tively, dexamethasone may increase tissue metabolism 
of estradiol or, as we have observed, decrease the size 
of the sex steroid—binding protein :pool. We have pre- 
viously reported in the female rhesus macaque that the 
metabolic clearance rate of testosterone (liters per day 
per kilogram) was depressed when plasma sex steroid— 
binding protein levels were acutely elevated by infusion 
of purified sex steroid—binding protein and increased 
after the administration of a specific antiserum against 
sex steroid—binding protein”! There was approxi- 
mately a three-fold increase in the metabolic clearance 
rate of testosterone when the sex steroid—binding pro- 
tein level fell to 96% of control values. It is improbable 
that a 30% decrease in sex steroid—binding protein lev- 
els, as observed in response to dexamethasone in the 
present study, would be the sole explanation of the 
fivefold to sixfold increase in the metabolic clearance 
rate of estradiol observed by Longcope et al.' because 
the binding affinity of estradiol for sex steroid—binding 
protein is significantly lower than that of testosterone. 
Therefore, it is likely that dexamethasone must also 
increase the tissue metabolism of estradiol. 

The results of the present study show that dexa- 
methasone significantly lowers plasma sex steroid— 
binding protein levels and increases the percentage of 
free testosterone in the rhesus macaque. That the con- 
centration of free testosterone did not change signifi- 
cantly suggests that the metabolic clearance rate of this 
hormone was elevated from basal values while the 
production rate was decreased by dexamethasone treat- 
ment. In order to determine conclusively whether ad- 
ministration of pharmacologic amounts of dexameth- 
asone results in a marked increase in the metabolic 
clearance rate of testosterone in primates, studies in 
which the metabolic clearance rate of this hormone and 
plasma concentrations of sex steroid—binding protein 
and free testosterone are measured simultaneously 
must be carried out. 


The expert technical assistance of Pearl C. Namkung 
and Cynthia Katayama is greatly appreciated. 
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Frequency of diabetes mellitus in mothers of probands with 
gestational diabetes: Possible maternal influence on the 
predisposition to gestational diabetes 


Alice O. Martin, Ph.D., Joe Leigh Simpson, M.D., Carole Ober, Ph.D., and Norbert Freinkel, M.D. 


Chicago, Ilinois 


interviews for genetic histories were conducted prior to delivery in 166 pregnant diabetic probands and 83 
control gravidas with normal carbohydrate metabolism throughout gestation. A significant association 

was observed between parental diabetic phenotypes and type of diabetes in the probands (xñ) = 32.413; 
p < 0.001). In particular a higher thari expected number of mothers with diabetes was encountered in 

91 probands with gestational diabetes mallitus. The findings are examined in relationship to the hypothesis 
that vulnerability to gestational diabetes nay be increased by exposure to an abnormal environment 
during intrauterine development. (Am J Caster GynecoL 1985;151:471-5.) 


Key words: Gestational diabetes, familial, maternal influences 


The proposition that altered maternal metabolism 
may exert long-term impact on offspring by condition- 
ing the metabolic mixtures available to certain termi- 
nally differentiated, poorly replicating cells during 
their intrauterine development (“fuel-mediated terato- 
genesis”) has formed the basis for tne prospective stud- 
ies of the Northwestern University Diabetes in Preg- 
nancy Center. We have postulated that perturbations 
in the intrauterine environment may modify the 
phenotype predicted on the basis of genetic endow- 
ment." ? Accordingly, the neurological, psychological, 
intellectual, anthropometric, and metabolic character- 
istics of the progeny of diabetic mothers are being cor- 
related with the metabolic status of the mother 
throughout the index pregnancy. . 

That B-cells of the fetal pancreas might be particu- 
larly vulnerable to long-range modification via the in- 
trauterine environment has been suggested previ- 
ously.” ? 8-Cells not only replicate soorly** but also are 
notoriously subject to proliferation and premature se- 
cretory maturation in utero as result of increased stim- 
ulation with nutrient secretagogues in maternal dia- 
betes.” 57 Excessive nutrient challenges during B-cell 
functional maturation could precispcse to premature 
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senescence or functional deterioration during later life, 
with overt diabetes becoming manifest.’ * While ex- 
amining this possibility prospectively, we have simul- 
taneously attempted to secure retrospective insights by 
evaluating the frequency of diabetes among the parents 
of our probands. This report summarizes some of our 
emerging evidence suggesting that gravidas with ges- 
tational diabetes mellitus are more likely to have moth- 
ers with diabetes than are pregnant women with pre- 
gestational insulin-dependent diabetes mellitus or nor- 
mal glucose regulation. The provocative implications 
of these preliminary observations prompt publication 
to stimulate investigations by others. 


Material and methods 


Sample. All women attending the Obstetric Clinics 
of Prentice Women’s Hospital are screened for gesta- 
tional diabetes mellitus at 24 to 28 weeks of gestation 
on the basis of plasma glucose values (140 mg/dl) 
secured 1 hour after oral challenge with 50 gm of 
glucose. Definitive diagnosis of gestational diabetes 
mellitus is established according to the criteria of 
O'Sullivan and Mahan’ after.an oral glucose tolerance 
test with 100 gm of glucose. We have been distinguish- 
ing between patients with gestational diabetes mellitus 
with normal values for fasting plasma glucose (<105 
mg/dl} and those with increased values for fasting 
plasma glucose (+105 mg/dl} on the assumption that 
“underutilization” constitutes the principal metabolic 
disturbance in those with normal values, whereas those 
with increased values are experiencing varying degrees 
of “overproduction” in addition.? Similar subdivisions 
of gestational diabetes mellitus on the basis of fasting 
plasma glucose levels were also advocated at the First 
International Workshop on Gestational Diabetes’® and 
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Table I. Status of parents of diabetic probands and control subjects 






Status of proband 


Gestational diabetes mellitus, 29 54 
no prior history of 
diabetes 
Gestational diabetes mellitus, 22 59 it 
prior history of diabetes 
Class B2, modified White 15 88 2 
Class B i 
White Class, C, D, or F 44 76 7 
Control subjects . 72 87 4 
Total . 182 43 


Xag = 32.413; p < 0.001. 


by the National Diabetes Data Group.” In accordance 
with their recommendations, we have confined the di- 
agnosis of gestational diabetes mellitus to “glucose in- 
tolerance with onset or recognition during pregnancy.” 
However, for optimal clarity, we distinguish between 
patients with gestational diabetes mellitus in whom the 
diagnosis is made for the first time during ‘the index 
pregnancy (that is, no prior history) and those in whom 
glucose intolerance has been previously diagnosed, 
usually during an earlier pregnancy (that is, prior his- 
tory) although no hypoglycemic therapy is being ad- 
ministered. We designate as Class B2 (modified White 
Class B) those patients with pregestational diabetes mel- 
litus who conform to the criteria for White Class B and 
who are already receiving insulin therapy at the initial 
antepartum visit.’ In many instances, definitive classi- 
fication of the patients in this category as type I or type 
II diabetes mellitus (that is, insulin-dependent diabetes 
mellitus or non—insulin-dependent diabetes ‘mellitus) 
has been difficult because of the growing recognition 
that type I, like type II, diabetes mellitus may be a slowly 
evolving disorder.'* * On the other hand, we have re- 
tained the traditional White classifications’ (Classes C, 
D, and F) for the remainder of our pregestational di- 
abetic patients since they almost invariably conform to 
the type I designation. As part of the Diabetes in Preg- 
nancy program, we have also recruited a limited num- 
ber of control gravidas in whom normal carbohydrate 
tolerance was documented by screening and a subse- 
quent oral glucose tolerance test. 

From all of these subjects we obtained detailed ge- 
netic histories through interviews that were usually con- 
ducted prior to delivery; however, a few were obtained 
after delivery. Interviews of 193 diabetic women and 
36 control subjects were conducted on the basis of a 
standard format by the investigators or by interviewers 
trained and supervised by the investigators. If family 
members were said to have diabetes, further details 
were sought concerning age of onset, disease progres- 
sion, and type of treatment (diet only, oral hypogly- 


Normal father, Normal father, Diabetic father, Diabetic father, 
normal mother diabetic mother normal mother diabetic mother 






35 7 ot 4 54 
30 4 i! 0 0 37 
12 0 0 0 0 17 
12 5 9 9 3 58 
5 5 6 9 2 83 
18 6 949 


cemics, insulin). Parents were considered to have dia- 
betes only if the proband could attest to their receiving 
insulin or oral hypoglycemic medications. Families were 
excluded prior to genetic analysis if probands were 
adopted, if no information concerning the health of 
their parents was available, or if the diabetic status of 
the parents was uncertain. Twenty-nine probands (26 
diabetic subjects, three control subjects) were excluded 
for these reasons. The remaining 167 diabetic patients 
were classified according to clinical status during their 
most recent pregnancy. 

Within the stated framework, our present report is 
based on the findings in 54 patients with gestational 
diabetés mellitus with no prior history of glucose in- 
tolerance (fasting plasma glucose level <105 mg/dl in 
32 and =105 mg/dl in 22), 37 patients with gestational 
diabetes mellitus with a prior history (fasting plasma 
glucose level <105 mg/dl in six and =105 mg/dl in 31), 
17 patients in Class B2 (modified White Class B), 58 
patients in White Class C, D, or F; and 33 control sub- 
jects. One patient in the group with gestational diabetes 
mellitus was excluded because no information was 
available on her prior history. Because our initial con- 
trol sample was relatively small, we subsequently chose 
a second control group of 50 gravidas from the same 
patient population to verify that our original control 
was representative. Women in the second control group 
included all gravidas appearing sequentially in the 
Prentice Women’s Hospital Obstetric Clinics during a 
specific time interval in 1983. In all cases, normal car- 
bohydrate status was confirmed during the ongoing 
pregnancy. These women were interviewed for their 
family history in the same fashion as the initial con- 
current control group and by the same interviewers. 

Ethnic classification was made on the basis of grand- 
parental origin: white, black, Hispanic, etc. Because of 
the small numbers involved in some ethnic groups, all 
Spanish-speaking groups were grouped as “Hispanic.” 
Persons of mixed origins were classified as “other” as 
were persons neither white, black, nor “Hispanic.” 
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The relationship between clinical status of the pro- . 


bands and that of their parents is summarized in Table 
I. x? analysis was performed to determine whether pa- 
rental mating type distributions were the same among 
the classes defined by the proband’s clinical status: The 


contribution of the various cells (cross classifications in — 


Table I) to the overall x? was noted to determine relative 


_ Importance of deviations. 


Results 


Distribution of. parental mating types is shown in Ta- 


ble I. Results in the two sets of controls were not sig- 
nificantly different; thus data were sooled for the final 
analysis. A significant association between parental di- 
abetes and the type of diabetes shown by the probands 
was observed (xj, = 32.413; p < 0.001). In particular 
there exists an. excess over the expected numbers of 
mothers with diabetes among the 91 probands with 
gestational diabetes mellitus. * The contribution to x° is 


highest in the 54 patients from this population with no 


prior history of diabetes. This pattern was not observed 
for the 58, pregestational diabetics in White Classes C, 
D, and F or in the 83 gravidas with norinal carbohy- 
drate metabolism throughout gestztion (controls, Table 
I). Little can be inferred from Class B2 because of small 
numbers and the uncertainties about the pregestational 
categorization as type I or type II diabetes mellitus. 
Some differences in the ethnic composition existed 
between the probands of the various diabetic groups 
and the control subjects. However, the increased fre- 
quency of a parental pattern consisting of a normal 
father and a diabetic mother persisted in the gestational 
diabetes mellitus groups even when éthnic groups were 
examined separately, although the numbers in the in- 
dividual categories were small after such subdivision. 
For the present study it proved to be impossible to 
categorize with precision the type of diabetes in the 
parents or the ages of the parents at the onset of the 
diabetes. Retrospective attempts to assess status of ma- 
ternal carbohydrate metabolism during the géstation 
of the proband are not likely to be successful because 
few medical records relating to such an interval 20 to 
30 years ago have been retained; standard clinical prac- 
tice at that time did not include screening for gesta- 
tional diabetes, and proband histories were not deemed 
reliable in this regard. i 


Comment 


Genetic histories secured from 166 consecutive preg- 
nant diabetic women in our Diabetes in Pregnancy pro- 
gram have indicated that patients with gestational di- 
abetes mellitus are relatively more likely to have a 


+The highly significant associaticn persists after regrouping 
parental phenotypes by status of the mother only (normal 
versus diabetic). 
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mother. with diabetes than gravidas with normal car- 
bohydrate metabolism (control ‘subjects) and other 
classes of diabetic probands. We encountered a history 


_ of diabetes mellitus in. the mothers of approximatély 
`=. one third of all of our patients with gestational diabetes 
. mellitus, with a slightly higher. frequency i in those with ; 


no prior history of any carbohydrate intolerance. His- 
tories of pregestational diabetic patients (White Classes 
C, D, F) do not show this pattern. In this regard, Tat- 
tersall and Fajans’® have previously noted that the 
frequency of parental diabetes is much lower in juve- 
nile-onset diabetes than in the maturity-onset type of 
diabetes of young people (although their report did not 
include a breakdown of the incidence of diabetes in the 
fathers vis-a-vis the mothers). 

There are several possible explanations for our find- 
ings. First, the observations could be merely fortuitous 
and perhaps not verifiable in a larger series. Second, 
our study, as with all questionnaire surveys, has inher- 
ent limitations. Recall of parental health is not always 
reliable. Even so, it is not clear why sach recollection 
should be different in patients with gestational diabetes 
mellitus than in gravidas with type I diabetes mellitus . 
or normal carbohydrate metabolism. Third, there may 
be a higher prevalence .of diabetic women resulting 
from either a sex-limited diabetic gene or earlier age 
of onset in females predisposed to diabetes. One would 
have to invoke this as a peculiarity of the mothers of 
our gestational diabetes mellitus population and, in- 
deed, non—insulin-dependent diabetes is found more 
frequently in women than in men in this age group." 
However, it is uncertain whether this is truly a sex- 
limited phenomenon or merely a reflection of the 
greater prevalence of obesity in middle- -aged women 
than in middle- -aged men. The relationship to parental 
gender appears to be somewhat different in insulin- 
dependent diabetes. Wagener et al.” observed a sig- 
nificantly: greater incidence of diabetes in the fathers 
than in the mothers of patients with newly discovered 
type I diabetes. Fourth, it might reflect, at least in part, 
a difference in the ages of our various groups. Indeed, 
our gestational diabetic patients were slightly older 
(mean ages = 31-6 years, SE = 0.8 for patients with 
gestational diabetes mellitus with no prior history and 
33.4 years, SE = 1.0 for those with prior history) than 
our pregestational diabetic patients of White Classes C, 
D, and F (mean age = 25.6 years, SE = 0.6) or control 
gravidas (mean age = 25.3 years, SE = 0.6), so thatthe 
mothers of the patients with gestational diabetes mel- 
litus potentially had more years in which to manifest 
diabetes. In practice, however, this does not seem to 
explain our observations, because the differences re- 


` main when we restrict our scrutiny to women under 


the age of 30 years (39% of the 28 gestational diabetes 
mellitus probands <30 years of age have mothers with 
diabetes compared to the 6% of the 66 control subjects 


474 Martin et al. 


<30 years of age). Thus, it seems that other determi- 
nants should be invoked. 

Within the context of our data, a fifth speculative 
explanation merits. consideration. Conceivably the 
greater frequency of maternal than paternal diabetes 
in our gravidas with gestational diabetes mellitus may 
be relevant to the. actual pathogenesis of gestational 
diabetes mellitus. We propose that many of these grav- 
idas may have been exposed to an abnormal environ- 
ment during their own intrauterine development by 
virtue of their mother’s diabetes and that their B-cells 
may have been subjected to inordinate challenges dur- 
ing late gestation. As a consequence, an increased vul- 
nerability of their B-cells may have become established 
in utero on nongenetic grounds and subsequently un- 
masked as gestational diabetes mellitus in the course of 
the normal diabetogenic challenges of pregnancy. The 
failure to observe this in our Class C, D, and F pregnant 
diabetic patients may be due to the operation of other 
factors in insulin-dependent diabetics that obscure and/ 
or override the éntrauterine contributions of maternal 
metabolism. Admittedly we cannot be certain that ma- 
ternal carbohydrate intolerance was present at the time 
that our probands with gestational diabetes mellitus 
were developing in utéro. Even šo, it does not seem to 
be an unreasonable likelihood, because the diabetes in 
most of their mothers appeared to be cf a non—insulin- 
dependent variety, at least by history, and hence may 
already have been operative on an intermittent basis 
during the gestation of the probands. 

Some published reports are consistent with the above 
hypothesis. Aerts and Van Assche’? have described in- 
adequate pancreatic B-cell responses during pregnancy 
in the offspring of genetically normal rats whose moth- 
ers had been rendered diabetic by the administration 
of streptozotocin. Gestational B-cell limitations per- 
sisted in the second as well as third generation of such 
rats and prompted Aerts and Van Assche to conjecture 
that gestational diabetes could represent an acquired 
disorder.’ Similar preliminary observations have been 
made by Pettit et al.'™™ in their study of Pima Indians, 
a group in whom the incidence of non—insulin-depen- 
dent diabetes mellitus is inordinately great. They have 
observed significantly more obesity’® and diabetes” in 
the offspring (up to the age of 19 years) of Pima moth- 
ers who were diabetic during the index pregnancy than 
in those whose mothers remained nondiabetic or did 
not become diabetic until after the pregnancy. Al- 
though the data on diabetic fathers have not yet been 
published, Pettitt et al.'* have suggested that the dif- 
ferences in offspring may be due to differences in the 
maternal glucose regulation during pregnancy rather 
than genetic factors and thereby consistent with the 
proposal that the intrauterine environment may exert 
long-range effects upon certain poorly replicating, ter- 
. minally differentiated cells such as adipocytes or pan- 
creatic B-cells. ? 
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Clearly the proposition that alterations in fuel me- 
tabolism during late intrauterine development may 
predispose to gestational diabetes mellitus during adult 
life must still be viewed as a hypothesis. Nonetheless, 
our data emphasize the desirability of gathering ad- 
ditional observations along these lines in larger series 
as well as in different ethnic and racial groups. The 
information not only should prove useful in elucidating 
the environmental factors that influence the expression 
of a non—insulin-dependent type of diabetes but also 
might be of practical value. Confirmation that intra- 
uterine events contribute to gestational diabetes in 
adult Efe would justify furthér aggressive attempts to 
normalize even the mildest disturbances of maternal 
metabalism during pregnancy. Such endeavors would 
provide a relatively simple and cost-effective preven- 
tative approach to the public health problem that the 
escalating incidence of non—insulin-dependent diábe- 
tes mellitus represents. 


We are indebted to all of the professional and allied 
health members of the Northwestern University Dia- 
betes in Pregnancy Center for their enthusiastic and 
spirited participation in the care of these patients. We 
are particularly grateful to Dr. Richard L. Phelps and 
Dr. Boyd E. Metzger for their contributions to the med- 
ical management, Dr. Richard Depp and Dr. Sharon 
Dooley for the obstetric supervision, and Dr. John 
Boehm and Dr. Edward Ogata for the neonatal care. 


Addendum 


Since the submission of this manuscript, a retro- 
spective analysis of patients seen at the Joslin Clinic 
between 1928 and 1939 has indicated that type I in- 
sulin-dependent diabetes mellitus developed with sig- 
nificantly less frequency in the surviving progeny of 
mothers with insulin-dependent diabetes mellitus than 
in progeny of fathers.” The findings in type I diabetes 
mellitus are not necessarily at variance with our obser- 
vations in gestational diabetes mellitus, They highlight 
the fundamental differences between pregestational 
type I diabetes mellitus and the type of diabetes in 
which metabolic disturbances in the mother and atten- 
dant effecis on intrauterine development” are confined 
in large measure to the latter half of gestation (gesta- 
tional diabetes mellitus). 
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Catecholamine responses in fetal lambs subjected to 


hemorrhage 


Charles M. Jones, M.D., James C. Rose, Ph.D., Randall T. Kelly, M.D., and Barbara Y. Hargrave, M.S. 


Winston-Salem, North Carolina 


We monitored plasma epinephrine and norepinephrine responses to hemorrhage of 20% of estimated 
blood volume in 11 chronically instrumented, unanesthetized fetal lambs. In addition, we performed contro! 
experiments—blood sampling but no hemorrhage—in five fetuses. Arterial blood gases, pH, mean 
arterial pressures, heart rates, and plasma norepinephrine and epinephrine levels were similar in both 
groups in the resting state. Arterial blood gases and pH did not change significantly during the experimental 
period in either group. Mean arterial pressure, heart rate, and plasma norepinephrine and epinephrine 
levels did not change in the contro! g-oup during the experimental period. Hemorrhage was associated with 
a significant decrease in fetal mean arterial pressure, 39.8 + 1.2 to 29.6 + 2.1 mm Hg, and heart rate, 
186 + 8 to 146 + 6 bpm (p < 0.01 in both cases). There was a significant increase in plasma 
norepinephrine, 664.9 + 91.6 to 1384.8 + 216.7 pg/ml {p < 0.02) and epinephrine, 224.6 + 43.6 to 
681.7 + 199.0 pg/ml (p < 0.01) with. hemorrhage. These results demonstrate significant catecholamine 
responses to hypovolemia in the fetal lamb. (AM J OBSTET GYNECOL 1985;151:475-8.) 
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Hemorrhage is known to induce a number of neural 
and endocrine reflexes which work to maintain ade- 
quate perfusion pressure and to restore blood volume. 
The endocrine responses to acute hypovolemia have 
been well documented in the adult and include in- 
creases in catecholamines, vasopressin, renin, adreno- 
corticotropic hormone, and corticosteroids.’ However, 
limited data describing fetal endocrine responses to 
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Table I. Arterial blood gases, pH, and hematocrits data for hemorrhage and control groups 


Before After Before After 
hemorrhage hemorrhage transfusion transfusion 


Hemorrhaged group (n = 11) 
H 


p 7.44 + 0.04 
Pao, (mm Hg) 22.5 + 5.1 
Paco, (mm Hg) 34.3 + 7.9 
Hematocrit (%) 29.6 + 2.4 
Control group (n = 5) 
pH 7.39 + 0.05 
Pao, (mm Hg) 23.0 + 3.2 
Paco, (mm Hg) 32.0 cb 6,1 
Hematocrit (%) 30.1 + 1.2 


o= Contro! (n=5) 
è = Hemorrhage (n=11) 


mM 
on 
O © 


Heart Fate (bom) 


MAP (mmHg) 





Transfusion 
Time (mins.) 
*»<0.01 when compared to respective resting values 


Hemorrhage 


Fig. 1. Heart rates and mean arterial pressures (MAP) in the 
hemorrhaged and control groups (mean + SEM). 


acute hemorrhage are available. In particular, it is not 
known whether volume depletion increases sympa- 
thoadrenal outflow, as reflected by circulating cate- 
cholamines, in the fetus as it does in the adult. There- 
fore the present study was designed to investigate the 
fetal sympathoadrenal response to acute fetal hypo- 
volemia in chronically instrumented sheep. 


Material and methods 


J Ewes with time-dated gestations from 119 to 132 days 
- (0.82 to 0.91 gestation) were housed within the research 
vivarium with access to food and water. Following a 4- 
day equilibration period the animals (n = 14) were 
taken to surgery where the ewe and fetus (two sets of 
twins) were chronically instrumented with indwelling 
catheters placed in the respective aorta, inferior 
vena cava, and amniotic cavity as previously described.” 
The animals were allowed a 3- to 4-day recuperation 
period following surgery and prior to experimentation. 


7.41 + 0.05 7.40 + 0.06 7.42 + 0.03 
21.1 + 4.0 21.4 + 3.5 18.1 + 3.0 
35.1 + 9.3 33.3 + 8.6 33.2 + 8.8 
29.8 + 3.9 29.9 + 2.9 30.3 + 2.8 
7.38 + 0.05 
23.4 + 1.8 
32.1 + 7.0 
29,2 + 2.) 


Maternal and fetal arterial blood gases, pH, and he- 
matocrit were monitored during this period to assure 
stability of the preparation. Intra-amniotic kanamycin, 
250 mg, was administered daily for 5 postoperative days 
and every other day thereafter. Minimal volumes of 
isotonic heparinized saline solution were used to flush 
the catheters and maintain patency. No experimental 
studies were performed during the recovery period. 
All studies were conducted between 12 noon and 5 pM 
as the ewe stood in a metabolic stall within an isolation 
room with minimal environmental stimulation. 

The experimental protocol was as follows: Animals 
were assigned to the hemorrhage group (n = 10, one 
set of twins) or the control population (n = 4, one set 
of twins}. Following a 30-minute equilibration period 
within the isolation chamber we removed 20% of es- 
timated fetal blood volume calculated, from the fetal 
weight estimated by gestational age as previously de- 
scribed,” at 2% per minute from the hemorrhage 
group. The blood was obtained aseptically in heparin- 
ized syringes and stored in a 37° C water bath. After 
30 minutes the shed blood was returned to the fetus 
over a 10-minute period. 

Arterial blood samples for blood gases, pH, hema- 
tocrit, and plasma catecholamine ‘levels (0.5 ml) were 
obtained prior to and at the end of the hemorrhage as 
well as at the beginning and termination of the rein- 
fusion. The control animals were treated identically 
except that no hemorrhage was performed. 

Maternal and fetal arterial pressures, heart rate, and 
amniotic cavity pressures were continuously monitored 
throughout the experiments via Statham P23Db trans- 
ducers and recorded on a Beckman Dynograph re- 
corder. Maternal and fetal arterial pressures were re- 
ported as mean arterial pressure calculated by the 
following formula: % of pulse pressure + diastolic 
pressure = mean arterial pressure. Fetal arterial pres- 
sures were corrected for intra-amniotic pressure. 

Blood gases and pH levels were measured on a Ra- 
diometer BMS3 Mk2 blood system. Plasma catechol- 


Volume 151 
Number 4 


Fetal Plasma Norepinephrine (pgem!~!) 
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Hemorrhage 


*p<0.02 when compared to resting values 
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o= Control (n=5) 


@= Hemorrhage (n=l!) 
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Fig. 2. Fetal plasma norepinephrine concentrations in the hemorrhaged and control groups 


(mean + SEM). 


Fetal Plasma Epinephrine (pgem!~9) 
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o= Contro! (n=5) 
@= Hemorrhage (n=I1) 


Transfusion 
Time (mins.) 
*p<0.0l when compared to resting values 


Fig. 3. Fetal plasma epinephrine concentrations in the hemorrhaged and control groups 


(mean + SEM). 


amine concentrations were measured by a modified 
radioenzymatic technique of Peuler and Johnson’ as 
previously described. All samples from a particular 
experiment were analyzed in the same assay. Assay sen- 
sitivity was 2 to 3 pg/50 ul for norepinephrine and 
epinephrine. The interassay coefficients of variation 
were 7.1% and 9.0% for norepinephrine and epineph- 
rine, respectively. The intra-assay coefficients of vari- 
ation were 3.7 for norepinephrine and 4.4% for epi- 
nephrine. All values are reported in picograms per 
milliliter of plasma. 

We analyzed the catecholamine and cardiovascular 
responses across time with the use of one-way analysis 
of variance, corrected for repeated measures. The ini- 
tial control values in each group were compared with 
the ¢ test. Additionally, becaus2 of the inhomogeneity 


of variance in the plasma catecholamine levels, the val- 


ues were log transformed prior to analysis. Linear 
regression analysis was utilized in correlation analyses. 


Results 


Fetal arterial blood gases and pH data are summa- 
rized in Table I. There were no significant differences 
between the control or hemorrhage group pH, Pac, 
Pacop, and hematocrit values obtained prior to manip- 
ulation. Additionally, no significant differences were 
found in these parameters in either group over the 
experimental period. All fetal preparations appeared 
well oxygenated and without evidence of hypercapnia 
or acidosis. 

Fig. 1 summarizes the fetal mean arterial pressure 
and heart rate data. There was no difference in resting 
mean arterial pressure between the control and hem- 
orrhage group. There was a fall in mean arterial pres- 
sure following hemorrhage, 39.8 + 1.2 to 29.6 + 2.1 
mm Hg (p< 0.01). There was no change in mean 
arterial pressure over the experimental period in 
the control population. There was no difference in 
resting heart rate between the hemorrhage and con- 
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trol group: 186 + 8 and 190 + 6 bpm, respectively 
(mean + SEM). Following the hemorrhage, the fetal 
heart rate fell to 146 + 6 bpm (p < 0.01). The heart 
rate did not change significantly over the experimental 
period in the control population. 

The fetal norepinephrine and epinephrine concen- 
trations are summarized in Figs. 2 and 3. There were 
no differences in resting norepinephrine and epineph- 
rine concentrations between the two populations. 
There was a significant increase in circulating norepi- 
nephrine following the 20% hemorrhage: 664.9 + 
91.6 to 1384.8 + 216.7 pg/ml of plasma (p < 0.02). 
Similarly, plasma epinephrine rose from a resting level 
of 284.6 + 43.6 to 681.7 + 199.0 pg/ml following 
the hemorrhage (p < 0.01). There was no significant 
change in norepinephrine and epinephrine in the con- 
trol group over the experimental period. The resting 
concentrations of norepinephrine were greater than 
the resting concentrations of epinephrine (p < 0.01). 


Comment e 


In adult animals hemorrhage is associated with an 
increase in plasma norepinephrine and epinephrine 
concentrations that result, at least partially, from an 
increase in the secretion of these catecholamines from 
the adrenal medulla.** In the present experiments we 
demonstrated that the fetus also shows a significant 
sympathoadrenal response to hemorrhage. Volume 
depletion of 20% estimated blood volume produced a 
2.1-fold increase in fetal plasma norepinephrine con- 
centrations and a 3.0-fold increase in circulating epi- 
nephrine levels. Clearly these increases were not caused 
by changes in blood gases or pH nor were they a con- 
sequence of the sampling procedure itself. The actual 
stimulus to increased sympathoadrenal activity follow- 
ing hemorrhage in the fetus is probably related to the 
fall in fetal arterial pressure produced by the hemor- 
rhage. In adult animals reductions in blood pressure 
following hemorrhage are inversely related to adrenal 
medullary secretion rates of norepinephrine and epi- 
nephrine.’ The receptors mediating the catechol re- 
sponses may be carotid sinus or cardiopulmonary 
mechanoreceptors. Although there is some disagree- 
‘ment, both have been implicated in the control cate- 
cholamine secretion in adult animals.* ° 
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An examination of vascular reactivity during pregnancy in the 


chronic ewe model 


Margaret K. McLaughlin, Ph.D., and D. J. Westney, M.S. 


Burlington, Vermont 


The hind limb vascular responses to angiotensin Il and phenylephrine, an a-adrenergic agonist, were 
determined in chronically instrumented pregnant (n = 7) and castrated (n = 6) ewes. On any one day, five 
doses of one or the other drug were administered directly into the arterial femoral circulation while the 
perfusion pressure and external iliac blood flow were monitored. The steady-state resistance change 
(baseline resistance — the resistance calculated during the 3 to 5 minutes of drug infusion) showed a 
reduction in vascular response to angiotensin Il in the pregnant ewes compared to the controls, with no 
significant differences in response to phenylephrine. When the dynamic (within 40 seconds) rather than the 
steady-state changes were analyzed, a hyperreactivity to phenylephrine was present in the pregnant 
animals. These data are an illustration of the complex interactions that are present in the whole-body 
pressor responses to vasoactive stimuli during pregnancy. (AM J Osstet Gynecoi 1985;151:479-83.) 


Key words: Vascular reactivity, blood flow, pregnancy 


_ The fact that pregnancy as well as the steroid hor- 
mones is associated with apparent changes in vascular 
response to differing vasoactive stimuli has been the 
subject of studies in both humans and various other 
animal species.' An understanding of how vascular 
reactivity is changed by these diiferent states is impor- 
tant to any investigation of such cardiovascular disor- 
ders as pregnancy-induced hypertension or Raynaud’s 
syndrome. 

We recently completed a study, in both pregnant and 
progesterone-treated ewes, tha: characterized the vas- 
cular responses to two different vasoactive stimuli, 
angiotensin II and phenylephrine, an a-adrenergic ag- 
onist. The vascular responses to these agents were ex- 
amined in an acute preparation with the use of a fixed- 
flow hind limb perfusion technique. We found that both 
pregnancy and progesterone treatment were associated 
with a reduction in vascular reactivity to angiotensin I] 
in this circulation. However, there was an increase in 
sensitivity to the vasoconstrictive effects of phenyl- 
ephrine under these same two conditions. The diver- 
gent pressor response to different vasoactive stimuli 
illustrates the complexity of the vascular reactivity 
changes that must occur either during pregnancy or 
with a change in hormonal milieu.* In order to study 
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these responses further, we decided to repeat these 
experiments in a chronic model in the ewe in order to 
verify whether these differences in vascular reactivity 
existed under more normal physiologic conditions. 


Material and methods 


Animal model. Seven pregnant mixed-breed ewes 
with single fetuses and six nonpregnant ewes were used 
in this study. The pregnant ewes had a mean gestational 
age of 124 + 1 day. 

Following a 24-hour fast, all animals were anesthe- 
tized with halothane anesthesia. With standard, aseptic 
surgical techniques, catheters were placed in the ex- 
ternal iliac artery and vein via the saphenous branches. 
A third arterial catheter was inserted into the circum- 
flex artery and advanced so that the tip just entered 
the external iliac artery. A Dienco electromagnetic flow 
transducer was placed around the external iliac artery 
proximal to the circumflex artery catheter. The mam- 
mary artery was ligated on that side. In addition, ovari- 
ectomy was performed in the nonpregnant ewes by a 
midline laparotomy, and a control laparotomy was per- 
formed in the pregnant ewes as well. 

With this instrumentation, the blood flow and per- 
fusion pressure of the hind limb could be continuously 
monitored. These data could then be used for the cal- 
culation of the hind limb vascular resistance (millime- 
ters of mercury per milliliter per minute). The posi- 
tioning of the circumflex artery catheter allowed for a 
drug infusion directly into the arterial circulation to the 
hind limb, which helped to minimize the systemic ef- 
fects of the drug. 

Study design. All animals were allowed to recover 
from the operation for at least 1 week prior to study. 
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Fig. 1. Semilogarithmic plot of the change in calculated hind 
limb vascular resistance in response to five doses of angiotensin 
II in seven pregnant and six nonpregnant ewes. 


During this week they were trained to the monitoring 


stall. 

Only one drug, either angiotensin II or phenyl- 
ephrine (Sigma Chemical Co.), was studied on any one 
study day. Following a 30-minute control period, dose- 
response curves were generated to either angiotensin 
II (4 to 20 ng/kg/min) or phenylephrine (100 to 1000 
ng/kg/min). Drugs were infused at a rate of 0.1 to 0.5 
ml/min directly into the circumflex artery catheter. 
These doses were chosen in order to produce a range 
of vasoconstriction in the limb with a minimal increase 
in systemic blood į pressure. Each dose of drug was in- 
fused randomly for 5 minutes with at least 20 minutes 
between the angiotensin II infusions and 10 minutes 
between the phenylephrine infusions. All drugs were 


diluted in normal saline solution and kept on ice until - 


needed. ' 

Blood samples were dia on the day of the study 
for measurement of serum sodium and potassium. 
These values were correlated with each animal’s dose- 
response curve to each drug. 

Data analysis. The change in hind limb perfusion 
pressure and external iliac blood flow with each drug 
dose was determined by subtracting the mean steady- 
state response at 3 to 5 minutes of drug infusion from 
the mean perfusion pressure and ow measured dur- 
ing the 3 minutes just prior to the drug infusion. The 
perfusion pressure was divided by the flow value in 
order to calculate the change in. hind limb vascular 
resistance. It should be noted that a steady-state re- 
sponse was not always achieved at the higher doses of 
phenylephrine. This will be discussed in the results sec- 
tion. The dose-response curves for phenylephrine or 
angiotensin II were compared within and between 
groups by means of two-way analysis of variance with 
repeated measures and orthogonal contrasts.* Linear 
regression analysis was used to correlate serum potas- 
-sium and sodium and the dose-response curves. Base- 
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line parameters were compared by means of an un- 
paired Student's t test.’ 

Biophysical measurements. External iliac blood flow 
was measured with a Dienco flow transducer and flow 
meter. Arterial and venous blood pressures were mon- 
itored with Ailtech (Eaton Corp.) pressure transducers; 
heart rate was derived from the pulse pressure wave- 
form on a Gould Biotach instrument, These measure- 
ments were recorded on a rectilinear recorder (Gould 
Instruments, Cleveland, Ohio). 

Each flow transducer was calibrated after every use 
on the carotid artery in vivo and blood pressure trans- 
ducers were calibrated periodically with a mercury ma- 
nometer. . 

Serum sodium and potassium concentrations were 
determined on duplicate samples with a digital flame 
photometer (Model IL 443, Instrumentation Labs). 


Results 

Baseline parameters. Listed in Table I are the mean 
body weight, external iliac blood flow, baseline perfu- 
sion pressure, and calculated hind limb vascular resis- 
tance for the two groups of ewes. There was no sig- 
nificant difference in body weight between the two 
groups. There was a trend toward a lower perfusion 
pressure in the pregnarit animals but this difference 
was not statistically significant. The external iliac blood 
flow was significantly higher in the pregnant ewes with 
the correspondingly lower calculated hind limb vas- 
cular resistance. 

Dose response to angiotensin II. The dose responses 
of the change in hind limb vascular resistance caused 
by the administration of angiotensin II are shown in 
Fig. 1. The dose-response curves were linear (p < 0.01) 
over the range of doses studied and were significantly 


_ different from one another. When the results in the 


pregnant ewes were compared to those in the non- 
pregnant animals, the right-hand shift in the dose-re- 
sponse curve of the pregnant ewes indicates that there 


_ was a decreased sensitivity to angiotensin I] in the hind 


limb circulation over this dose range. There was no 
significant correlation between the animal’s dose-re- 
sponse curve to angiotensin IJ and the serum sodium 
and potassium levels. 

Dose response to phenylephrine. Illustrated in Fig. 
2 are the dose responses of the change in hind limb 
vascular resistance with the administration of phenyl- 
ephrine in the two groups of ewes. It was found that 
the data were abnormally distributed in both groups. 
Therefore, the data were transformed by taking the 
negative log of the resistance change in order to per- 
form analysis of variance on the results.’ There was no 
significant difference in the change of hind limb vas- 
cular resistance to phenylephrine in these two groups 
of animals. 
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Fig. 2. A plot of the negative log of the change in calculated 
hind limb vascular resistance versus the log of five doses of 
phenylephrine in seven pregnant and six nonpregnant ewes. 


Table I. Baseline parameters 


Nonpregnant ewes’ | Pregnant ewes 


Weight (kg) 47 +2 48 +1 

Gestation (days) 124 + 1 

Perfusion pressure 765 714 
(mm Hg) 

Flow (ml/min) 241 + 25 337 + 43* 

Resistance (mm 0.334 + 0.€5 0.229 + 0.03* 


Hg/ml/min) 


Values are mean + SEM. 
*p < 0.05. 


Since these observations were dissimilar to the ob- 
servations from our earlier acute study in which the 
flow to the hind limb was fixed, we reexamined the 
dynamic rather than the steady-state response to the 
drug infusions. Illustrated in Fig. 3 is a tracing of one 
record from a pregnant ewe shcwing the blood flow 
and systolic blood pressure response to the highest dose 
of phenylephrine. The decrease in blood flow preceded 
the increase in systolic pressure ky about 20 to 40 sec- 
onds. As the pressure began to rise there was a tendency 
for the flow to recover. Indeed, at this dose a steady- 
state response had not been reached by the end of a 5- 
minute infusion. This dynamic change in external iliac 
blood flow in response to the highest dose of phenyl- 
ephrine in the pregnant ewes was found to be much 
more marked than that of the control ewes during the 
initial portion of the infusion period. Subsequently, the 
data were reanalyzed with the change in external iliac 
blood flow prior to a change in pressure used as the 
dependent variable. The mean dose-response curves 
for the two groups of ewes are depicted in Fig. 4. The 
pregnant ewes had a significantly greater reduction 
(p < 0.03) in blood flow in respense to phenylephrine 
administration than the nonpregnant ewes. This same 
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Fig. 3. A tracing of a record from a pregnant ewe showing 
the hind limb blood flow and systolic pressure during an in- 
fusion of phenylephrine (1 ng/kg/min). 
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Fig. 4. Semilogarithmic plot of the change in hind limb blood 
flow during the first 40 seconds of infusion of three doses of 
phenylephrine in seven pregnant and six nonpregnant ewes. 


relationship occurred when the data were calculated as 
the change in hind limb vascular resistance since the 
flow response was occurring prior to a significant al- 
teration in the systemic blood pressure résponse. 

As with angiotensin II, there was no correlation be- 
tween the animal’s dose-response curve to phenyl- 
ephrine and the serum sodium and potassium levels. 


Comment 


The data in this study are, in essence, consistent with 
our previous observations that were obtained with an 
acute, fixed-flow hind limb perfusion model.’ Preg- 
nancy is associated with a reduction in sensitivity to the 
vasoconstrictor effects of angiotensin II in this circu- 
lation in the ewe. In addition, the vascular response to 
the vasoconstrictive effects of phenylephrine, in a-ad- 
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renergic agonist, is increased in the same model. The 
mechanisms that may be involved in these associations 
have been discussed in detail elsewhere.’ *** An ad- 
ditional parameter that was examined in this study was 
the serum sodium and potassium levels. Sodium has 
been found to modulate angiotensin II receptor affin- 
ity, and minor alterations in plasma potassium can alter 
the resting membrane potential of smooth muscle.’ 
There was no apparent correlation between these base- 
line levels and an individual animal’s dose response 
curve. It may be necessary to manipulate these levels 
artificially in-order to demonstrate a clear-cut relation- 
ship between them and a dose-response curve from the 
type of model used in this study. 

The difficulties that were involved in assessing vas- 
cular reactivity in a chronic model in this study warrant 
some discussion. The most appropriate way to evaluate 
the vascular sensitivity to a stimulus is to use one index 
of vessel tone, either fow or pressure, as the dependent 


t 


variable while the other parameter is held constant. In‘ 


addition, the pressure-flow characteristics of the cir- 
culation should be established and taken into consid- 
eration in the final data analysis.'° Obtaining complete 
pressure-flow curves is time consuming and.can only 
be performed in an acute preparation. As a compro- 
mise, drug dose-response curves are obtained in the 
acute model by either a fixed-flow or a fixed-pressure 
tecłlinique" Obviously, in the chronic model it is not 
possible to fix either the flow or the pressure. One must 
rely on the calculation of the vascular resistance of the 
circulation with a change in this value in response to a 
stimulus used as an index of vascular reactivity. Again, 
the optimal situation is one in which either the How or 
the pressure remains relatively constant during the test 
period. This helps to minimize the variability in re- 
sponse that may exist between animals or groups be- 
cause of potential differences in the pressure-flow char- 
acteristics of the circulation. Pregnancy is known to 
affect this relationship in the rabbit,” but this param- 
eter has not been studied in the sheep. Keeping sys- 
temic pressure constant will avoid pressure-flow inter- 
actions and, in addition, minimize baroreflex effects 
upon the skeletal bed as the sensitivity of this system 
could change during pregnancy. 


In the study reported here we attempted to keep the - 


drug dose to the hind limb low enough that there was 
_ little change in the systemic blood pressure but a de- 
monstrable change in the hind limb blood flow. The 
doses chosen.to meet these criteria in the angiotensin 
II study were such that the hind limb vascular resistance 
changes were relatively small in comparison to those in 
the phenylephrine study. The problem with the phen- 
ylephrine study was that the decreases in flow in re- 
sponse to the drug were as high as 70% of the resting 
fow. By 3 to 5 minutes of drug infusion the How began 
to return toward the control level, probably because of 
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the accumulation of local metabolites, which resulted 
in vasodilation of sufficient magnitude to overcome 
partially the direct drug effect. In addition, at the 
higher drug doses, there was some change in systemic 
blood pressure, with the pressure in the nonpregnant 
ewes increasing more than that in the pregnant ewes. 
Therefore, the calculated hind limb vascular resistance 
change at 3 to 5 minutes of infusion was the sum of all 
these interactions rather than the more direct vascular 
response to the drug itself , We recalculated the changes 
during the first 20 seconds of drug infusion in order 
to minimize these influences. ‘There was a striking dif- 


‘ference in the immediate flow response to phenyl- 


ephrine administration between the pregnant and non- 
pregnant ewes during a period of no pressure change. 
This emphasizes the complex interactions occurring at 
the 3- to 5-minute portion of the drug infusion. By this 
time, the change in calculated hind limb vascular re- 
sistance was equivalent between the two groups, a sit- 
uation that did not exist at the initiation of the infusion. 

In addition to the problem of pressure-flow inter- 
actions there is a difficulty in deciding how to calculate 
the dose to administer each animal. We chose to cal- 
culate the dose on a body weight basis because in our 
previous acute study this method provided data with 
the least within-group variability. Since the flow was 
fixed in the acute study, the concentration of drug per 
milliliter of blood flow could be calculated. With that 
approach, the same drug-sensitivity relationships were 
observed between groups although the within-group 
variability increased. However, in pregnancy there ‘is 
an increase in body weight that may or may not be 
reflected by a proportional increase in the weight of 
the hind limb. Therefore, it is possible that the hind 
limbs of the pregriant ewes received more total drug 
on a tissue weight basis even though there was no sig- 
nificant difference in body weight between the two 
groups. On the other hand, the higher hind limb blood 
flow in the pregnant animals may have had a dilutional 
effect. The fact that the vascular resistance changes 
were decreased in the pregnant animals with one va- 
soconstrictor but increased with another, when com- 
pared to results in the controls, suggests that in spite 
of these variables the direction of the change is a real 
difference. The best means of data analysis would be 
to remove the limb at the end of the study, then cal- 
culate the resistance changes based upon milliliters of 
blood flow per 100 gm of tissue. One could then cal- 
culate the amount of drug actually received on a hind 
limb weight basis. This would significantly reduce the 
between-animal variability that we have observed in 
these particular vascular responses. This approach is 
presently being pursued in our laboratory. 

In summary, these data are consistent with our pre- 
vious findings from an acute preparation that dem- 
onstrate that pregnancy is associated with a divergent 
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pressor response in the hind limb of the ewe to two 
different vasoactive stimuli. However, use of the 
chronic model increases variability m the data because 
of the difficulty in controlling various hemodynamic 
parameters such as the perfusion pressure at the time 
of infusion. The difficulties which do exist in studying 
vascular reactivity during pregnancy in a chronic model 
do not negate the importance of examining these issues 
in a more physiologic condition. | 
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Hemodynamic effects of indomethacin in chronically - 


instrumented pregnant sheep 


Raymond P. Naden, M.B., Ch.B., Charles A. Iliya, B.S., Billy S. Arant, Jr., M.D., 
Norman F. Gant, Jr., M.D., and Charles R. Rosenfeld, M.D. 


Dallas, Texas 


Indomethacin administration has produced decreases in uteroplacental blood flow in several animal l 
studies; therefore, it has been suggested that the maintenance of uterine blocd flow is critically dependent 
on the continued synthesis of vasodilating prostaglandins. However, vasoconstriction, following 
indomethacin administration may be due to mechanisms other than reduced prostaglandin synthesis. We 
administered indomethacin (2, 5, or 10 mg/kg) intravenously to seven unanesthetized sheep in late 
pregnancy and determined the time courses of the uteroplacental and systemic hemodynamic responses, 
comparing these to the concurrent changes in circulating prostaglandins. Indomethacin administration 
resulted in rapid increases in systemic and uteroplacental vascular resistance (80% to 100%) and mean 
arterial pressure (~30%) and in decreases in systemic (~30%) and uteroplacenta!l (0% to 30%) blood 
flows within 5 minutes. Vasoconstriction was transient, however, and after 60 minutes there was no evidence 
of uterine or systemic vasoconstriction, although systemic and uterine plasma prostaglandin levels 
remained reduced for 180 minutes. Thus substantial inhibition of prostaglandin synthesis existed without 
evidence of concurrént systemic or uteroplacental vasoconstriction, suggesting that uterine blood flow 

is not directly dependent on maintained prostaglandin synthesis in unstressed pregnant sheep. Furthermore, 
the transient indomethacin-induced vasoconstriction may not be due to inhibition of prostaglandin 


synthesis. (AM J OssteT GYNECOL 1985;151:484-93.) 


Key words: Uterine blood flow, cardiac output, prostaglandins 


Prostaglandins have been reported to be produced 
in substantial amounts in the uterus and placenta of 


pregnant animals, and various prostaglandins have — 


been shown to inducé uterine vasodilation when in- 
fused directly into the uterine vasculature.*’ ‘These ob- 
servations have led to the speculation that vasodilating 
prostaglandins may have an important role in main- 
taining the substantial increase in uterine blood flow 
which occurs in pregnancy. E 

If uterine blood flow is dependent on the continued 
production of vasodilating prostaglandins, it might be 
expected that the reduction of endogenous prostaglan- 
din levels would result in a parallel fall in uteroplacental 
perfusion. Several investigators have attempted to eval- 
uate this by administering indomethacin to inhibit pros- 
taglandin synthesis in vivo, but variable results have 
been reported. In some studies, indomethacin treat- 
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ment did result in significant decreases in uteroplacen- 
tal blood flow.?:**° However, Gerber et al. found that 
indomethacin led to a 35% increase in uterine blood 
flow, and Speroff et al.’ observed both increases and 
decreases in uterine blood flow in the same series of 
monkeys. Furthermore, McLaughlin et al.'’ observed 
uterine vasoconstriction following indomethacin which 
was remarkably transient, lasting less than 25 minutes. 
Although prostaglandin levels were not measured in 
their study, this transient vasoconstriction is surprising, 


-as it would be expected from other studies’? that pros- 


taglandin synthesis would have been suppressed for 4 
to 6 hours or longer and that uterine blood flow would 
have remained low for a similar period. 

It is possible that this transient uterine vasoconstric- 
tion reflected an unusually brief effect of indomethacin 
on prostaglandin synthesis in the pregnant sheep. How- 
ever, if reduced prostaglandin synthesis could be shown 
to exist without parallel uteroplacental vasoconstric- 
tion, then the hypothesis that uteroplacental blood flow 
is critically dependent on the level of prostaglandin 
synthesis would appear less tenable. Furthermore, it is 
not clear whether the increases in uterine blood flow 
observed in some studies" '° may have been due to con- 
current systemic vascular responses to indomethacin 
causing, for example, an increase in arterial pressure. 
In order to clarify these issues, we have administered 
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indomethacin to a group of chrorically instrumented 
pregnant sheep and have evaluated the uterine he- 
modynamic responses in relation to the concurrent 
changes in uterine and systemic prostaglandin levels 
and to the overall systemic vascular responses. Because 
of the possible involvement of the renin-angiotensin 
system in the hemodynamic responses, plasma renin 
activity was also measured. 


Material and methods 


The complicating effects of anesthesia and re- 
cent operation on vascular responses are well estab- 
lished’*"*; therefore, only chronically instrumented an- 
imals remote in time from operation were used. Seven 
ewes of mixed breed were studied in late pregnancy, 


between 130 and 141 days’ gestation (term, 144 + 3 | 


days). The animals’ weights ranged from 37 to 59 kg 
at the time of study (51 + 7.3 kg, mean + SD). All 
fetuses (four singletons and three sets of twins) were 
delivered alive and healthy or were alive several days 
after the indomethacin experiments, at which time the 
ewe was put to death for other (microsphere) studies. 
The animal preparation has been described in detail 
previously.’ Briefly, at operation (~125 days) electro- 
magnetic flow probes (Micron Instruments, Inc., Los 
Angeles, California) were implanted around both main 
uterine arteries, and polyvinyl catheters were inserted 
into both femoral arteries to the level of the trifurcation 
of the abdominal aorta and into both femoral veins, 
with the open ends lying in the inferior vena cava just 
below the diaphragm. In some animals, catheters were 
also introduced into the uterine vein of a pregnant horn 
via a peripheral tributary. The flow probes and cath- 
eters were brought out to the flank through a subcu- 
taneous tunnel and maintained in a canvas pouch at- 
tached to the skin with steel pins. Catheters were 
flushed daily with heparinized saline (250 U/ml) and 
closed with sterile pins. Penicillin (600,000 U) and 
streptomycin (0.5 gm) were given on the day of oper- 
ation and the two subsequent days. 

The ewes were maintained after operation in indi- 
vidual stalls kept in the laboratory. They were given 
standard animal chow (Purina Commercial Creep 
Chow II, G) and water freely throughout the study 
period. Body weight remained constant or increased. 
The animals were studied only after they were consid- 
ered to have recovered from surgical trauma and an- 
esthesia, at or beyond the seventh day after operation. 
Each animal was studied with one to three doses of 
indomethacin; consecutive studies were performed not 
less than 3 days apart. 

Experimental protocol. Three doses of indometha- 
cin (lyophilized sodium indomethacinate, Merck Sharp 
& Dohme, West Point, Pennsylvania) were used: 2 mg 
(n = 6), 5 mg (n = 4), or 10 mg (n = 4) per kilogram 
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of body weight, where n is the number of experiments. 
The total dose was dissolved in 20 ml of sterile isotonic 
saline. After a 30-minute control period, the indo- 
methacin was infused into the vena cava by a Harvard 
infusion pump at a constant rate during 5 minutes and 
the catheter flushed at the same rate. Serial blood sam- 
ples and hemodynamic measurements were obtained 
before, during, and for 4 hours after the indomethacin 
infusion. 

Hemodynamic measurements. Mean arterial pres- 
sure in the lower abdominal aorta was monitored con- 
tinuously from one arterial catheter with a pressure 
transducer (Type 4-327-1019, Bell and Howell, Pasa- 
dena, California) and the signal recorded on a two- 
channel pen recorder (Model 220, Brush Instruments 
Div., Clevite Corp., Cleveland, Ohio.). Uterine blood 
flow was monitored with square-wave electromagnetic 
flowmeters (Model RC 1000, Micron Instruments, Inc., 
Los Angeles, California) and recorded on a second, 
integrated, two-channel recorder; the sum of the si- 
multaneous measured flows in both enain uterine ar- 
teries was used for analysis. Cardiac output was mea- 
sured by the dye-dilution technique. Five milligrams of 
indocyanine green (Cardio-Green, Hynson, Westcott & 
Dunning, Inc., Baltimore, Maryland) was injected rap- 
idly into the inferior vena cava via one indwelling cath- 
eter while blood was withdrawn at 10 ml/min through 
a densitometer from a femoral arterial catheter. This 
blood was later reinfused into the animal. Optical 
density was recorded graphically and cardiac output 
calculated by electronic integration directly from the 
signal. The results of cardiac output calculated elec- 
tronically by this equipment (Cardiac Output Recorder, 
COR-100A, Waters Instruments, Inc., Rochester, Min- 
nesota) have been used in this report; the validity of 
these measurements has been reported.” All hemo- 
dynamic variables were stable during the 30-minute 
control period; measurements of each variable were 
obtained at 5-minute intervals and an average control 
value determined. After the indomethacin infusion was 
begun, observations were recorded at 1, 3, 10, 20, 40, 
and 60 minutes and at 30-minute intervals thereafter. 

Prostaglandin measurements. Blood samples for 
prostaglandin assay were taken during the control pe- 
riod and at 5, 20, and 180 minutes after the start of 
the indomethacin infusion. Six milliliters of blood was 
rapidly withdrawn from a vena caval catheter into a 
chilled plastic syringe containing 60 ug of indometh- 
acin to inhibit further prostaglandin synthesis. In five 
experiments blood samples were also taken simulta- 
neously from catheters in the uterine vein. The blood 
was immediately transferred to iced tubes containing 
100 U of heparin and centrifuged at 1° C for 10 minutes 
at 750 x g. Aliquots of 3 ml of plasma were then stored 
at —18° C until assayed for prostaglandins. Prosta- 
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Fig. 1. The response of systemic vascular resistance (SVR) to systemically infused indomethacin (I). 
Responses are expressed as percentages of control values; the points (O, A, ®) represent the mean of 
responses for the three doses of indomethacin and the lines represent the mean + SE for all 14 
experiments. The mean response (n = 14) is statistically significant (p < 0.05) from 1 through 40 
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Fig. 2. The response of mean arterial pressure (MAP) to systemically infused indomethacin (J). 
Responses are expressed as percentages of control values; the symbols are as described in the legend 
to Fig. 1. The mean response (n = 14) is statistically significant (p < 0.05) from I through 20 minutes. 


glandins E, and F,, in plasma were measured by the 
radioimmunoassay method of Dray et al.’* as modifed 
by Campbell et al.'° The sensitivity of the assay was <5 
pg per tube, recoveries averaged 85%, and the inter- 
assay and intra-assay variabilities were $% and 6%, re- 
spectively. 

Plasma renin activity. Serial arterial blood samples 
were obtained and processed as above except that in- 
domethacin was not added to the syringe. Plasma renin 
activity was measured as angiotensin I generation 


(RIANEN, New England Nuclear) and expressed as 
nanograms of angiotensin I formed per milliliter of 


plasma per hour. The use and accuracy of this assay in 


our laboratories have been reported.” 

Data analysis. As increases in uterine blood flow may 
be produced by either uterine vasodilation or an in- 
crease in uterine perfusion pressure, we have calculated 
uterine vascular resistance in these studies. This allows 
for the effect of increased perfusion pressure in ex- 
amining the response of the uterine vasculature. 
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Fig. 3. The response of cardiac output (CO) to systemically infused indomethacin (J). Responses are 
expressed as percentages of control values; the symbols are as described in the legend to Fig. 1, The 
mean response (n = 14) is statistically significant (p < 0.05) from 1 through 40 minutes. 


Uterine vascular resistance may te calculated as the 
difference between mean arterial and venous pressure, 
divided by uterine blood flow. Intrauterine and sys- 
temic venous pressures have been measured and both 
found to be consistently low, 3 to 5 and 1 to 3 mm Hg, 
respectively. As these pressures are very small com- 
pared to mean arterial pressure, they were not included 
in the calculation of uterine vascular resistance. Thus 
uterine vascular resistance was calculated as UVR, = 


MAP,/UBF,, where UVR = uterine vascular resistance, 


MAP = mean arterial pressure, UBF = uterine blood 
flow, and t is the same point in time. 

Total systemic vascular resistance was calculated as 
the mean arterial pressure divided by cardiac output, 
which represents simultaneous total systemic blood 
flow. As above, since venous pressure is small, systemic 
vascular resistance was calculated as SVR, = MAP,/CO,, 
where SVR = systemic vascular resistance, MAP = 


mean arterial pressure, CO = carciac output, and tis . 


the same point in time. 

It was noted that baseline values cf the hemodynamic 
variables varied considerably between animals and, al- 
though the responses observed following indomethacin 
were consistent, the absolute changes varied in mag- 
nitude, depending on the baseline values. Thus the 
changes following indomethacin have been standard- 
ized by expressing all changes as a percentage of control 
values. This transformation also allows comparison of 
the relative magnitude of the responses in the different 
hemodynamic variables. 

All data were analyzed by repeated-measures analysis 
of variance with respect to time and to the dose of 
indomethacin. Where statistical s:gnificance was ob- 
served (p < 0.05), this was further analyzed by Dun- 


° 
can’s Multiple Range Test.”' For the reasons noted 
above, only the data expressed as percentage changes 
are presented; however, statistical analyses were also 
performed on the raw data and the results were entirely 
consistent with those for the data presented. 


Results 


Hemodynamic responses. The hemodynamic re- 
sponses during and following the infusion of indo- 
methacin are shown in Figs. 1 to 6; the points repre- 
senting the mean data for each dose are illustrated. 
Except for a lesser response in uterine blood flow and 
uterine vascular resistance at 3 and 10 minutes with an 
indomethacin dose of 2 mg/kg, there were no signifi- 
cant differences in the hemodynamic responses to the 
different doses of indomethacin; therefore, the data 
have also been combined and presented as the mean 
(+ SE) for all 14 experiments. Absolute responses can 
be estimated from the control data presented in each 
figure. 

Within the first minute of initiation of the indo- 
methacin infusion there was a rapid rise in systemic 
vascular resistance (Fig. 1), reaching a maximum in- 
crease of 100% + 6% within the first 3 minutes. This 
rise in systemic vascular resistance was reflected in an 
increase in mean arterial pressure of 34% + 2% (Fig. 
2) and was associated with a simultaneous fall in cardiac 
output of 34% + 2% (Fig. 3). Hemodynamic variables 
after 40 minutes were not statistically different from 
control values, and by 120 minutes systemic vascular 
resistance, mean arterial pressure, and cardiac output 
had returned to within 5% of control levels. The cardiac 
responses to indomethacin are further illustrated in 
Fig. 4, where heart rate is seen to fall in parallel with 
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Fig. 4. The response of heart rate (HR) and stroke volume (SV) to systemically infused indomethacin 
(I). Responses are expressed as percentages of control values; the symbols are as described in the 


legend to Fig. 1. The mean response (n = 


14) in HR is statistically ‘significant (p < 0.05) from 1 


through 40 minutes; the mean response in SV is not t statistically significant. 


cardiac output. Although stroke volume decreased, this 
change was minimal and was not statistically significant. 

The response of uterine vascular resistance (Fig. 5) 
was, similar to that in systemic vascular resistance, a 
rapid rise reaching a peak of 52% + 11% at about 5 
minutes. However, the increase in vascular resistance 
in the uterus was even more short-lived than that seen 
in the systemic vasculature, uterine vascular résistance 
having returned to control levels by 20 minutes, 
whereas systemic vascular resistance remained elevated 
for at least 40 minutes. Changes in uterine blood flow 
also were very transient (Fig. 6) in contrast to changes 
in total systemic blood flow (Fig. 3); after 20 minutes 
uterine blood flow was slightly increased from control 
levels (p > 0.05). The apparently greater increase in 
uterine blood flow seen during the steady state with 10 
mg/kg of indomethacin was not statistically significant. 

Plasma prostaglandins. The concentrations of pros- 
taglandins E, and F», in vena caval plasma are presented 
in Table I for experiments in which values at all four 
sampling times were available. By 20 minutes the levels 
of both prostaglandins E, and F,, had fallen signifi- 
cantly from control levels and this fall, approximately 
50%, persisted without significant change’ through 180 
minutes. There was no difference in the changes in 
prostaglandin concentrations with the different doses 
of indomethacin. 


In five experiments, plasma prostaglandins were 
measured in simultaneous samples of blood obtained 
from the vena cava and uterine vein; these results are 
presented i in Table II. In the control period, the con- 
centration of prostaglandin E, in the uterine vein was 
significantly higher than’ in the vena cava (p < 0.05), 
but the difference in prostaglandin F,, levels was not 
statistically significant. Except for a greater decrease in 
vena caval prostaglandin F,, at 5 minutes, the changes 
in plasma prostaglandins observed after indomethacin 
were similar in the uterine vein and vena cava. Again 
there was no apparent difference in these changes in 
prostaglandin concentration with the different.doses of 
indomethacin. 

Early response to indomethacin. The change in 
uterine blood flow within the first 5 minutes after the 
infusion of indomethacin was begun followed. a dis- 
tinctive pattern which is illustrated i in Fig. 7, A. The 
changes i in uterine blood flow were determined by the 
relative . changes i in uterine perfusion pressure (effec- 
tively mean arterial pressure) and in uterine vascular 
resistance. Although the early uterine vascular re- 
sponses to indomethacin appeared to be dose-related, 
the responses in all experiments were qualitatively sim- 
ilar. Thus, in order to illustrate the pattern of these 
responses more clearly, we have chosen to present the 
data obtained only with the highest dose of indometh-_ 
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Fig. 5. The response of uterine vascular resistance (UVR) to systemically infused indomethacin (7). 

Responses are expressed as percentages of control values; the symbols are as described in the legend 

to Fig. 1. The mean response (n = 14) is statistically significant (p < 0.05) from 3 through 10 minutes. 
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Fig. 6. The response of uterine blood flow (UBF) to systemically infused indomethacin (J). Responses 
are expressed as percentages of control values; symbols are as described in the legend to Fig. 1. The 
mean response (n = 14° was statistically significant (p < 0.05) at 1, 3, 4, and 5 minutes only. 


acin, 10 mg/kg (Fig. 7, A). It can be seen that mean 
arterial pressure rose rapidly, reaching a maximum 
within | minute of the beginning of indomethacin; in 
contrast, the increase in uterine vascular resistance was 
delayed, not reaching a maximum until 4 to 5 minutes. 
The delay in the response of uterine vascular resistance 
was reflected by a rise in uterine blood flow, which 
peaked’ at ~1 minute, when the substantial increase in 
mean arterial pressure (46%) was offset by only a small 
rise in uterine vascular resistance (11%). Subsequently, 
however, mean arterial pressure changed little while 
uterine vascular resistance continued to rise and thus 


uterine blood flow fell, reaching a nadir at ~5 minutes 
when the rise in mean arterial pressure (32%) was con- 
siderably outweighed by the greater increase in uterine 
vascular resistance (115%). In Fig. 7, B, we have pre- 
sented for comparison the responses of these same 


. three variables during the first 5 minutes of a constant 


infusion of angiotensin IJ (11.5 j:g/min) into the 
vena cava of seven ewes, studied similarly in late preg- 
nancy. The data from which this figure is derived have 
been presented in detail ina previous publication.” The 
same biphasic response of uterine blood flow was seen 
and was related to the delay in the increase in uterine 
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Table I. Systemic venous plasma prostaglandin levels before and after indomethacin (2 to 10 mg/kg) 


Time after onset of indomethacin infusion 


E, (pg/ml) 14 214 + 18 = 200 + 26 135 + 19% 112 + 10+ 
%GA -~6 +8 -36 + 6 ~45 + 5 

F,, (pg/ml) 10 180 + 17 111] + 9* 87 + 19% 65 + 10* 
%A -37 + 8 ~50 +9 -57 + 12 


Values are mean + SE. %A = % Change from control. 
*Values for each prostaglandin which are different from control (p < 0.05) but not statistically different from each other. 


Table II. Plasma prostaglandin levels in the vena cava and uterine vein before and after indomethacin 
_ (2 to 10 mg/kg) | 


Time after onset of indomethacin infusion 


Prostaglandin Control 5 min 180 min 
E: (pg/ml) 
Vena cava 233 + 30 222 + 48 18} + 47 113 + 18* 
HWA -5 ż 14 —27 + 1} —42 + 1] 
Uterine vein 458 + 67 531 + 109 225 + 28* 197 + 22* 
A +13 +6 -50 + 5 -54 +47 
Foa (pg/m!) 
Vena cava 188 + 4 112 + 5* 126 + 29* 66 + 14* 
TA —40 + 3 —4] +41] —-64 +7 
Uterine vein 223 + 22 191 + 22 90 + 23* 105 + 117 
TA —13 +8 —58 + 12 —52 + 5* 


Values are mean + SE (n = 5). PA = % Change from control. 
*Values for each prostaglandin which are different from control (p < 0.05) but not statistically different from each other. 


vascular resistance compared to the increase in mean 
arterial pressure. 

Plasma renin activity. In view of the possible in- 
volvement of the renin-angiotensin system in the he- 
modynamic responses observed following indometha- 
cin, we also measured arterial plasma renin activity 
before and serially after the administration of indo- 
methacin. There were no differences in the changes in 
plasma renin activity with the three doses of indo- 
methacin studied; thus the data for all 14 experiments 
have been combined. The plasma renin activity fell sig- 
nificantly from a baseline level of 2.38 + 0.15 to 
1.78 + 0.14 ng/ml: hr by 5 minutes after the infusion 
of indomethacin was begun. By 20 minutes plasma 
renin activity had decreased further to 1.42 + 0.14 ng/ 
ml- hr and was unchanged through 60 minutes. By 
120 minutes the levels of plasma renin activity had in- 
creased to 1.96 + 0.19 ng/ml - hr, a significant increase 
from levels observed at 20 and 40 minutes (p < 0.05) 
but still significantly below control values. Plasma renin 
activity remained at this level through 240 minutes. 


Comment 

The present study was designed to investigate the 
effects of indomethacin on both the systemic and the 
uteroplacental hemodynamics of the sheep in late preg- 


nancy. By measuring plasma prostaglandin levels se- 
rially throughout the experiments, we have attempted 
to relate the time course of the hemodynamic responses 
to that of prostaglandin synthesis inhibition. From this 
paradigm we hoped to gain further insight into the role 
of changes in prostaglandin synthesis in mediating the 
hemodynamic responses to indomethacin and the role 
of prostaglandins in the maintenance of uteroplacental 
perfusion in normal pregnancy. 
We observed in these studies that indomethacin ad- 
ministration to the chronically instrumented ewe in late 
pregnancy produced marked systemic and uteropla- 
cental vasoconstriction. However, it is notable that this 
vasoconstriction was only short-lived, as previously ob- 
served by McLaughlin et al.,"' and that the effect on 
the uteroplacental vasculature was even briefer than 
that seen in the overall systemic vasculature. In both 
studies, there was no evidence of significant vasocon- 
striction after 40 minutes from the administration of 
indomethacin, a finding incongruent with the duration 
of prostaglandin synthetase inhibition expected from 


„previous in vitro and in vivo observations. '* 


- The effects of prostaglandins on organ perfusion are 
probably determined mainly by their in situ synthesis 
in vascular tissue rather than by their levels in circu- 
lating blood, with the possible exceptions of prostacy- 
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clin or prostaglandin D». However, if changes in plasma 
prostaglandin concentrations are in any way reflective 
of changes in prostaglandin synthesis in vascular tis- 
sues, the present data are evidence that indomethacin 
produces a substantial reduction in endogenous pros- 
taglandin production. It is of note that this suppression 
of prostaglandins persisted for at least 180 minutes 
after indomethacin administration, that is, well beyond 
the time when all hemodynamic evidence of vasocon- 
striction had disappeared. Therefore, it appears that 
substantial suppression of prostaglandin synthesis may 
be present without any associated reduction in either 
uteroplacental or overall systemic blood flows. This 1s 
supportive of the view that, in the unstressed pregnant 
sheep, uteroplacental blood flow is not directly related 
to the level of overall prostaglandin synthesis. 

In our study, inhibition of prostaglandin synthesis 
appears to have been incomplete, and it is possible that 
the indomethacin did not suppress endogenous tissue 
prostaglandins to a degree sufficient to interfere with 
their postulated vasodilator role. While this remains a 
theoretical possibility, a range of doses of indomethacin 
was used and the highest dose, 10 mg/kg, was as high 
as in previous studies, except for that of Terragno 
et al.2 who infused up to 120 mg/kg, doses that may 
well have had toxic effects. Furtnermore, we found that 
the reduction of circulating prostaglandins was not 
dose-related above 2 mg/kg. This incomplete suppres- 
sion of prostaglandin synthesis by indomethacin con- 
trasts markedly with the almost total inhibition of pros- 
taglandin synthetase seen in in vitro studies. However 
in most in vivo studies, as in the present report, the 
decrease in plasma prostaglandin concentrations was 
rarely more than 60%.'* From these observations it ap- 
pears that in vivo the maximum extent of prostaglandin 
synthesis inhibition by indomechacin is found at a dose 
of 2 mg/kg, as reported by others,” and that drug dos- 
age is not a significant factor in the difference between 
our findings and those in previous reports. Further- 
more, although inhibition of prostaglandin synthesis 
may have been incomplete, it was nevertheless sub- 
stantial, and uteroplacental perfusion appears not to 
be as sensitive to decreases in prostaglandin synthesis 
as might have been expected from earlier studies. 

It is possible that the synthesis of other prostaglan- 
dins not measured in our studies, for instance, pros- 
tacyclin, may not have been significantly inhibited by 
indomethacin, or that their inhibition was more eva- 
nescent than for those measured, or that the inhibition 
of vasodilator prostaglandins occurred more rapidly 
than that of the vasoconstrictors. These possibilities 
seem unlikely, in that indomethacin is believed to act 
primarily by reducing the production of the endoper- 
oxides prostaglandin G, and prostaglandin H,. These 
compounds are presently considered to be the common 
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Fig. 7. Comparison of the relative responses in UBF, MAP, 
and UVR, expressed as percentages of control values, during 
the first 5 minutes of constant, systemic infusions of (A) in- 
domethacin (10 mg/kg) and (B) angiotensin II (11.5 g/min). 
Points represent the means of four and seven experiments for 
indomethacin and angiotensin II, respectively. 


substrates for all known active prostaglandins, and thus 
it is likely that the synthesis of all active prostaglandins 
would be reduced similarly. 

What then are possible explanations for the differ- 
ences between our results and those in previous re- 
ports? The importance of prostaglandins in the main- 
tenance of regional blood flow appears to vary with the 
state of the animal. This has been clearly shown in 
relation to the renal circulation, where inhibition of 
prostaglandin synthesis produces no significant change 
in renal blood flow in chronically instrumented ani- 
mals,” whereas substantial falls in renal blood flow oc- 
cur when the animals are concurrently exposed to lap- 
arotomy,”* volume/salt depletion,” or other states in 
which plasma angiotensin II is increased.” Similar vari- 
ables likely were present in previous studies in which 
indomethacin was observed to have induced uteropla- 
cental vasoconstriction? %9; in contrast, we have al- 
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lowed adequate time for postoperative recovery and 
return to normal food intake and sodium/fluid balance. 
Interestingly, Gerber et al.® reported a 35% increase 
in uteroplacental blood flow after indomethacin treat- 
ment in laparotomized dogs. This could reflect an in- 
terspecies difference or perhaps could be an artifact of 
the indirect method of measuring uteroplacental blood 
flow used by these investigators. However, it is also 
possible that the time after indomethacin administra- 
tion at which uteroplacental blood flow is measured 
may be an important factor. We have observed (Fig. 6) 
that the response in uterine blood flow following in- 
domethacin has three phases, which is in agreement 
with the observations of McLaughlin et al.'' Most other 
authors have reported only single measurements of 
uterine blood flow after indomethacin; where it is pos- 
sible to determine the timing of these observations, the 
reported changes in uterine blood flow are consistent 
with the responses observed in the present study. For 
example, Gerber et al.” measured uteroplacental blood 
flow 30 minutes afeer indomethacin administration, at 
which time we too observed a consistent increase in 
uteroplacental blood flow (Fig. 6). In contrast, Ander- 
son et al.” and Berssenbrugge et al.° reported decreased 
uteroplacental blood flow at or before 20 minutes, by 
which time uteroplacental blood flow may not have re- 
covered from the transient early fall seen in our studies 
(Fig. 6). Interpretation of data is difficult when obser- 
vations of hemodynamic responses are made at isolated 
points in time without a description of the time course 
of the responses, especially when variables are chang- 
ing; therefore, general conclusions from such data con- 
cerning a steady state must be questionable. In our 
study a relative steady state was observed from 60 to 
240 minutes, and our conclusions so far have been 
largely based on abservations from this period. 
Although we observed no significant evidence of 
systemic or uteroplacental vasoconstriction after 60 
minutes in association with continued reduction in 
prostaglandin synthesis, it is clear nevertheless that sig- 
nificant vasoconstriction does occur soon after indo- 
methacin administration. As the hemodynamic re- 
sponses do not correspond to the changes in prosta- 
glandin concentrations, it appears likely that this 
vasoconstriction involves more than simply a change in 
the synthesis of vasodilating prostaglandins and implies 
the action of one or more vasoconstricting substances. 
It may be that, in the basal state, the influence of va- 
sodilating prostaglandins is balanced by vasoconstrictor 
hormones in the circulation or from sympathetic 
nerves. The rapid reduction of vasodilating prosta- 
glandins would then leave these vasoconstrictors un- 
opposed, leading to an observed response of overall 
vasoconstriction. However, these vasoconstrictors are 
likely under feedback control and their subsequent re- 
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duction, perhaps somewhat delayed, would allow organ 
perfusion to return gradually to its basal level. Al- 
though the exact nature of the transient vasoconstric- 
tion observed after indomethacin is not clear, the data 
presented in Fig. 7 are suggestive that it could involve 
the action of angiotensin II. As seen in Fig. 7, B, the 
systemic infusion of angiotensin II results in a pattern 
of uterine and systemic responses strikingly similar to 
that observed with indomethacin. It is notable that we 
have not observed this phenomenon, that is, delayed 
vasoconstriction in the uterine vasculature producing 
a biphasic response in uteroplacental blood flow, in re- 
sponse to other vasoconstrictors; infused norepineph- 
rine,” epinephrine,” and vasopressin (recent obser- 
vations) caused only a fall in uteroplacental blood flow, 
indicating no delay in the uterine vascular response to 
these hormones. It may also be noted that McLaughlin 
et al." observed no effect of prior a-receptor blockade 
on the early responses to indomethacin, also making a 
catecholamine-mediated mechanism unlikely. 

There are several ways in which vasoconstriction due 
to an apparent increase in angiotensin I-like activity 
could be mediated. First, angiotensin II appears to be 
having a tonic vasoconstrictor effect on the systemic — 
vasculature in pregnant sheep, in that mean arterial 
pressure falls when saralasin is administered.” A re- 
duction of the opposing action of vasodilating prosta- 
glandins by indomethacin could then leave endogenous 
angiotensin II unopposed, resulting in generalized va- 
soconstriction. Furthermore, although indomethacin is 
thought to reduce production of renin by a direct action 
on the kidney,” the decreases in plasma renin activity 
observed in the present study are also consistent with 
a negative feedback mechanism adjusting arculating 
angiotensin I] concentrations to a lower level appro- 
priate to balance the reduced level of prostaglandin 
synthesis. 

Although :ndomethacin is known to inhibit prosta- 
glandin synthesis, this compound is also known to have 
many other actions.’ It is possible, therefore, that 
indomethacin might induce vasoconstriction by direct 
stimulation of a vasoconstrictor, rather than indirectly 
through reduction of vasodilating prostaglandins. For 
example, indomethacin might inhibit angiotensinase, 
thereby increasing the circulating levels of angiotensin 
Ii. Alternatively, as lipoxygenase is not inhibited by 
indomethacin,” cyclo-oxygenase inhibition could result 
in diversion of increased amounts of arachidonic acid 
into the lipoxygenase metabolic pathway, several com- 
ponents of which (for instance, leukotrienes) have va- 
soconstrictor properties. In these situations, the re- 
duction in prostaglandin levels could represent ar. epi- 
phenomenon of the hemodynamic response to indo- 
methacin, that is, the inhibition of prostaglandin syn- 
thesis may not be causally related to the observed va- 
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soconstriction. Other evidence has been presented 
recently which supports this suggestion of a more direct 
action of indomethacin; in these studies,” indometh- 
acin produced acute, severe vasoconstriction, whereas 
large doses of another prostaglandin synthetase inhib- 
itor, ibuprofen, had no such effect. Furthermore, prior 
treatment with ibuprofen, presumably suppressing 
prostaglandin synthesis, did not inhibit the vasocon- 


strictor effect of indomethacin. Thus the mechanism 


of the vasoconstriction that follaws indomethacin ap- 
pears to be more complex than the simple reduction 
of vasodilating prostaglandins and likely involves one 
or more vasoconstrictor compounds. Further studies 
are planned to investigate this response to indometh- 
acin in more detail. 

We have concluded from the present study that, in 
the unstressed pregnant sheep, uteroplacental blood 
flow is not directly related to the level of prostaglandin 
synthesis, as reflected by plasma prostaglandin concen- 
trations, and that uteroplacental perfusion can be main- 


tained at normal levels despite substantial reductions 


in prostaglandin production. Data from other studies 
are suggestive that vasodilating prostaglandins may be 
more important in the maintenance of uteroplacental 
perfusion under abnormal or “stress” circumstances. 
However, our present observations raise a question 
about the interpretation of studies involving the use of 
indomethacin. Although its action of inhibiting pros- 
taglandin synthesis is well established, it cannot be as- 
sumed that this is the only action which indomethacin 
has in an experimental situation. Before conclusions 
regarding the role of endogenous prostaglandins can 
be made with any confidence from such studies, it will 
be important to characterize further the mechanism of 
the vasoconstriction which follows indomethacin ad- 
ministration. In particular, it will be essential to deter- 
mine whether the hemodynamic responses are indeed 
due to prostaglandin inhibition or whether indometh- 
acin induces vasoconstriction through other, more di- 
rect mechanisms unrelated to changes in prostaglandin 
synthesis. 


We are grateful to Dr. Clement A. Stone, Merck 
Sharp & Dohme, for supplying us with the lyophilized 
indomethacin. We thank Marc Jackson and Sonnya 
Coultrup for expert technical assistance with the ex- 
periments. 
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Platelet activation in preeclampsia 


Michael L. Socol, M.D., Carl P. Weiner, M.D., Gerlinde Louis, Karen Rehnberg, and 


Ennio C. Rossi, M.D. 
Chicago, Illinois 


Platelet activation was assessed in hospitalized third-trimester patients with preeclampsia {n = 11) or 
chronic hypertension with superimposed preeclampsia (n = 11) and in healthy outpatient pregnant controls 
(n = 10) by measuring plasma B-thromboglobulin, platelet factor 4, the platelet aggregate ratio, and the 
amount of collagen required to produce half-maximal aggregation velocity (K,). Only plasma 
B-thromboglobulin levels differed significantly between patients with preeclampsieé (50.1 + 37.9; p < 0.05) 
or chronic hypertension with superimposed preeclampsia (47.6 + 16.3; p < 0.01) and the control 
subjects (22.5 + 11.3). B-Thromboglobulin values in patients with preeclampsia, but not chronic hypertension 
with superimposed preeclampsia, correlated directly with 24-hour urinary protein loss (r = 0.93, p < 0.001) 
and serum creatinine levels (r = 0.62, p < 0.05) and inversely with creatinine clearance (r = 0.60, 

p = 0.05). We conclude that (1) B-thromboglobulin is elevated in patients with preeclampsia or chronic 
hypertension with superimposed preeclampsia, (2) the normal platelet aggregate ratio and the K, indicate 
that the increase in @-thromboglobulin is not due to an intrinsic change in platelet responsiveness, and 

(3) the elevation of B-thromboglobulin in patients with either preeclampsia or chronic hypertension with 
superimposed preeclampsia appears to be secondary to platelet consumption in ine microvasculature, 
although in patients with preeclampsia.altered renal function may be contributory. (AM J OBSTET GYNECOL 


1985;151:494-7.} 


Key words: Preeclampsia, B-thromboglobulin, platelet factor, proteinuria 


Preeclampsia is associated with vasospasm, occlusive 
vascular lesions within numerous organ systems in- 
cluding the placental bed, and activation of the coag- 
ulation system. Evidence for involvement of circulating 
platelets in preeclampsia includes a reduction in plate- 
let count,’* a change in platelet aggregability,? and 
raised plasma levels of the platelet-specific protein B- 
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thromboglobulin.®? Possible explanations for the in- 
creased platelet activation are an intrinsic change in 
platelet responsiveness or increased consumption and 
turnover within the microvasculature secondary to hy- 
pertensive vasospasm. 

To examine these issues, we measured plasma f- 
thromboglobulin, platelet factor 4, the platelet aggre- 
gate ratio, and the amount of collagen required to 
produce half-maximal aggregation velocity (Ky). B- 
Thromboglobulin and platelet factor 4 are platelet- 
specific preteins that reflect platelet aggregation and 
degranulation. The platelet aggregate ratio measures 
circulating platelet aggregates, and the Ką estimates in- 
trinsic platelet responsiveness. In addition, platelet ac- 
tivation was compared to other parameters of the pre- 
eclamptic syndrome. 


ré 
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Table I. Patient profile 






No. of women 11 
Maternal age (yr) 26.2 + 6.2 
Gestational age at delivery (wk) 36.9 + 2.9 
Nulliparous (%) 100 
Mean arterial blood pressure 992 + 3.0 
(mm Hg)* 
Uric acid (mg/dl) 6.6 + 0.8 
24 hr urinary protein (gm) 3.6 + 4.3 
Creatinine clearance (ml/min) 92.5 + 15.3 
Platelet count (x 10°) 165 + 53 


Platelets <150,000 (%) 36 


Values given are means + 1 SD. 


Patients with 
“pure” preeclampsia 
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Patients with chronic 
hypertension with 
superimposed preeclampsia 






Control subjects 


lI 10 
27.7 + 5.8 29.1 + 3.2 
35.6 + 3.1 39.3 + 0.9 
27 40 
116.9 + 12.1 81.7 74 
6.8 + 1.7 — 
5.4 + 5.7 a 
' 123.7 + 30.8 —- 
184 + 49 212 + 59 
36 10 


*Peak mean arterial blood pressure on the day platelet activation studies were drawn. 


Table II. Platelet activation in hypertensive versus normotensive pregnant patients 





Patients with “pure” 50.1 + 37.97 
preeclampsia 

Chronic hypertension with li 47.6 + 16.3t 
superimposed pre- 
eclampsia 

Control subjects 10 22.0 E P. 


Values given are means + | SD. 


B- -Thromboglobulin Platelet factor 4 
(ng/ml) (ng/ml) Platelet aggregate ratio 





6.2 + 7.2 0.91 + 0.06 ° 0.49 + 0.42 
4742.4 0.88 + 0.07 0.50 + 0.25 
3.9 + 3.8 0.90 + 0.10 0.38 + 0,36 


*K,, Amount of collagen required to produce half maximal aggregation velocity. 


tp < 0.05 when compared to values for control subjects. 
tp < 0.01 when compared to values for control subjects. 


Material and methods 


Platelet activation was assessed in 22 hospitalized 
third-trimester preeclamptic patients within 10 days of 
delivery. Preeclampsia was defined by the standard cri- 
teria of blood pressure, proteinuria, edema, and central 
nervous system signs.° If there was either a prepreg- 
nancy history of hypertension (treated or not) or a doc- 
umented elevation of mean arterial blood pressure dur- 
ing the first (95 mm Hg) or early second (90 mm Hg) 
trimesters, the patient was classified'as chronically hy- 
pertensive with superimposed preeclampsia (n = 11). 
Patients without evidence of chron:c hypertension were 
classified as having “pure” preeclampsia (n = 11). Ten 
healthy outpatients between 34 and 38 weeks’ gestation 
served as the contro] subjects. Demographic informa- 
tion for the three groups is listed in Table I. 

Blood was obtained by clean venipuncture using a 
2\-gauge butterfly without backpressure. Plasma B- 
thromboglobulin and platelet factor 4 were measured 
by radioimmunoassay with the use of commercially 
available kits (Amersham and Abbott Laboratories, re- 
spectively), The platelet aggregate ratio was performed 
according to the method of Wu and Hoak.’® The 
amount of collagen required to produce half-maximal 


aggregation velocity (Ka) was measured as described 
previously by Rossi and Louis." 

Additional blood parameters assessed in the hospi- 
talized patients within 24 hours of the platelet studies 
were platelet count, hemoglobin/hematocrit, uric acid, 
creatinine, urea nitrogen, total protein, and albumin. 
Twenty-four hour urine collections were used to quan- 
titate protein loss and measure the creatinine clearance. 
Blood pressure was measured every 4 hours in the left 
lateral decubitus position, and the mean arterial blood 
pressure was calculated according to the following 
formula: 

Systolic blood pressure + 
(2 x diastolic blood pressure) 

3 

Gestational age was determined by the best fit of men- 
strual dates, ultrasound results if available, and neo- 
natal Dubowitz examination. Birth weights were com- 
pared to the chart of Brenner et al.’* for newborn 
infants at sea level. A neonate was considered to be 
small for gestational age if his or her birth weight was 
less than or equal to the tenth percentile. 

Statistical analysis was done by Student’s ¢ test or cal- 
culation of correlation coefficient (r) performed ac- 
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r=0.93 


p<,00l 


PROTEINURIA (gm/24hr) 
on 


50 100 150 
BETA-THROMBOGLOBULIN 


Fig. 1. In the group of patients with “pure” preeclampsia there 
was a significant relationship between B-thromboglobulin lev- 
els and 24-hour urigary protein loss (r = 0.93, p < 9.001). 


cording to the method of least squares. Significance was 
assumed at p < 0.05, l 


Results 


The mean values (+1 SD) of B-thromboglobulin, 
platelet factor 4, platelet aggregate ratio, and K, for 


the three groups are listed in Table II. Only 8-throm- | 


boglobulin differed significantly between the control 


patients and those with preeclampsia (p < 0.05) or - 


chronic hypertension with superimposed preeclampsia 
(p < 0.01). B-Thromboglobulin and platelet factor 4 
measurements were closely related (r = 0.85; p< 
0.001), but the latter were not statistically different 
from the control patients. 

In the preeclampsia group B-thromboglobulin cor- 
related directly with 24-hour urinary protein loss 
(r = 0.93, p < 0.001; Fig. 1) and serum creatinine lev- 
els (r = 0.62, p < 0.05) and inversely with creatinine 
clearance (r = 0.60, p = 0.05). These correlations 
were not present in the group with chronic hyperten- 
sion with superimposed’ preeclampsia. There was no 
apparent relationship between B-thromboglobulin and 
mean arterial blood pressure in either group regardless 
of whether the highest or average daily mean arterial 
blood pressure was utilized. Similarly, there were no 
identifiable relationships between B-thromboglobulin 
and any of the other maternal clinical parameters. 

Each control patient delivered an appropriate—for— 
gestational age infant. Forty-five percent (5/11) of the 
neonates of mothers with preeclampsia and 36% (4/11) 
of the neonates of mothers with chronic hypertension 
with superimposed preeclampsia were small for ges- 


tational age. However, B-thromboglobulin was not pre- . 





February 15, 1985 
Am ] Obstet Gynecol 


BE TA-THROMBOGLOBULIN (ng/ml) 
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Fig. 2. This histogram displays the individual B- thromboglos: 
ulin measurements in those patients with “pure” preeclampsia 
(P,n = 11) or chronic hypertension with superimposed pre- 
eclampsia (CHP, n = 11) compared to controls (C, n = 10). 
B-Thromboglobulin levels were not predictive of small—for— 
gestational age newborn infants (open circles). | 


dictive of small—for—gestational age infants in either 
group (Fig. 2). 


Comment 


Plasma §-thromboglobulin levels in hospitalized 
third-trimester patients with either preeclampsia or 
chronic hypertension with superimposed preeclampsia 
were elevated when compared to levels in healthy out- 
patient pregnant control subjects. Plasma platelet factor 
4 values were closely related to the B-thromboglobulin 
measurements, but the elevations of platelet factor 4 in 
the hypertensive patients were not statistically signifi- 
cant. One explanation for the latter finding is the rel- 
atively wide standard deviations observed. Another 
possibility i is the difference in half-life of 8-thrombo- 
globulin and platelet factor 4. B- -Thromboglobulin and 
platelet factor 4 are platelet-specific proteins that are 
released when platelets are aggregated by various 
agents, including thrombin, adenosine disphosphate, 
adrenalin, and collagen. Although. the two proteins 
aré markedly similar in structure, the half-life of ß- 
thromboglobulin is about 100 minutes whereas platelet 
factor 4 is cleared so rapidly that its half-life cannot be 
accurately estimated. Both B-thromboglobulin and 
platelet factor 4 are cleared by the renal glomeruli, but 
the rapid disappearance of platelet factor 4 suggests 
that it may be removed initially by a simple process 
such as adsorption to endothelial cells.” 

The platelet aggregate ratio and Ka were similar in 
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the three groups of patients. These findings indicate 
that any increase in platelet activation in the patients 
with preeclampsia or chronic hypertension with super- 
imposed preéclampsia was not secondary to an intrinsic 
change in platelet responsiveness. Rather, as postulated 
by other authors,** a more likely explanation for the 
rise in B-thromboglobulin was increased platelet turn- 
over because of aggregation stimulated by hypertensive 
vasospasm, and the concomitant endothelial damage. 
Our inability to identify a relationship between B- 
thromboglobulin and the degree of hypertension does 
not preclude increased platelet turnover within the mi- 
crocirculation. 

8-Thromboglobulin correlated directly with urinary 
protein loss and serum creatinine, and inversely with 
creatinine clearance, in patients with preeclampsia. 
There were no identifiable relationships between B- 
thromboglobulin and renal function in patients with 
chronic hypertension with superimposed preeclampsia. 
Further, B-thromboglobulin levels did. not correlate 
with the other maternal parameters or fetal growth in 
either group. These observations suggest that altered 
renal function contributes to the rise in B-thrombo- 
globulin in patients with preeclampsia. The mechanism 
involved could be a decrease in renal clearance of B- 
thromboglobulin or an increase in fibrin deposition and 
platelet aggregation within the renal glomeruli. 

The criteria used for separating patients into pre- 
eclampsia and chronic hypertension with superim- 
posed preeclampsia groups were chosen in an attempt 
to identify as “pure” a group as possible. It is therefore 
more likely that if a misclassification happened, it was 
by placing a preeclampsia patient into the group with 
chronic hypertension with superimposed preeclampsia 
rather than vice versa. Within this limitation, the ob- 
servations in this study indicate that 8-thromboglobulin 
is elevated but the platelet aggregate ratio and Ką are 
normal in patients with preeclampsia or chronic hy- 
pertension with superimposed preeclampsia. Platelet 
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consumption in the microvasculature associated with 
hypertensive vasospasm appears to be an important 
etiologic factor for the rise in B- -thromboglobulin in 
both groups, although in preeclampsia patients altered 
renal function may be contributory. 
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Fetal heart rate response to maternal exercise 


Catherine Collings, M.S., and Luis B. Curet, M.D. 


Madison, Wisconsin 


Twenty-five pregnant women without aomp oaan underwent fetal heart rate evaluation during a program 
involving exercise at a relative intensity of 61% to 73% of maximal capacity during the course of the 
pregnancy. Assessment of the influence of gestational age on the fetal heart rate response to exercise and 
evaluation of.the course of feta! heart rate recovery were the main goals of the study. The results of the 
study confirmed previous findings that fetal heart rate is accelerated after maternal exercise. However, 
contrary to other studies we found no effect of gestational age on the fetal heart rate response to exercise. 
Neonatal findings provided further evidence that quantitated maternal exercise up to 70% of maximal 
capacity does not interfere with normal fetal growth and development. (Am J Osstet GyNEcoL 1985;151: 


498-501.) 


Key words: Fetal heart rate, maternal exercise, pregnancy 


Since participation by pregnant women in exercise 
and fitness programs has become more customary, con- 
siderable interest in the fetal heart rate response during 
such exercise has developed. Dressendorfer and 
Goodlin' observed an acceleration in fetal heart rate 
during progressive cycle ergometry exercise during the 
third trimester in pregnant women who had been reg- 
ularly participating in lap swimming. Hauth et al.” per- 
formed nonstress tests during the third trimester in 
pregnant women who jogged 1.5 miles three times per 
week. All tests before and after jogging were reactive: 
The fetal heart rate before jogging ranged from 140 
to 150 bpm, and the fetal heart rate after jogging 


ranged from 180 to 204 bpm. Fetal heart rate returned 


to levels before jogging in an average of 22 minutes. 
Pernoll et al? showed a difference between the fetal 
heart rate response to mild exercise in women of <35 
weeks’ gestation and women of >35 weeks’ gestation. 
In a previous study in our laboratory’ we observed a 
fetal heart rate acceleration following 25 minutes of 
aerobic exercise. However, we did not evaluate the in- 
fluence of gestational age. In addition, our data were 
_ based on auscultation of fetal heart rate for a 15-second 
period with the use of a Doppler ultrasonic instrument 
(Doptone). 

The present study was designed to further examine 
fetal heart rate responses during maternal aerobic ex- 
ercise. Specific design features of this study included 


(1) precise quantification of maternal exercise intensity — 


and duration, (2) utilization of continuous fetal heart 
` rate monitoring, (3) assessment of the influence of ges- 
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tational age on the fetal heart rate response, and (4) 
evaluation of the course of fetal heart rate recovery 
from maternal exercise. 


Material and methods 


Twenty-five healthy pregnant women with no com- 
plications participated in the study. Informed consents 
were obtained from all women. The subjects were aged 
25 to 33 vears and 24 of the women were primiparous. 
All women had been regular participants in a three- 
times-weekly supervised aerobic exercise program since 
early in their pregnancies (range, 13 to 18 weeks with 
an average of 14.5 weeks’ gestation) as part of a larger 
study on maternal exercise. 

Fetal heart rate tracings were abami for each 
woman on alternate weeks beginning at 28 weeks’ ges- 
tation and continuing until 38 weeks’ gestation. Thus 
an attempt was made to obtain six serial tracings on 
each woman. Poor or inadequate tracings, delivery be- 
fore 38 weeks’ gestation, and vacation periods reduced 
the number of available tracings from 150 to 121. All 
tracings were obtained with a Corometrics model 111 
fetal monitor. At each study session 4 10-minute tracing 
of fetal heart rate was recorded before the exercise 
began. Within 1 minute following the exercise, another 
10-minute tracing was obtained. A mid-range value was 
determined for each 1 minute segment of the 10-min- 
ute fetal heart rate tracings before and after exercise. 
With the use of these 10 mid-range values, a “mean” 
mid-range value before and after exercise was calcu- 
lated, and this value was defined as the baseline fetal 
heart rate. 

The exercise sessions consisted of 10 minutes of 
warm-up flexibility activity followed by 30 minutes of 
continuous aerobic activity. Walking, jogging, and sta- 
tionary cycling were the modes of aerobic activity. Ex- 
ercise was individually prescribed for each woman 
based on exercise test results and according to methods 
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Table I. Baseline fetal heart rate values (bpm + SD) before and after exercise, according to weeks of 


gestation (n = 11) 


140 + 6 
147 + 7 


141 +6 
150 +9 


Before exercise 
After exercise 


x 


Week of gestation 


142 + 6 
153 +7 


140 +7 
149 + 10 





Table II. Fetal heart rate values in beats per 
minute for the final minute befcre exercise and 
each minute after exercise (n = 25) 






Relationship 
of minute 
to exercise 





Range 


10th before 140 126-154 
Ist after 153* 138-171 
2nd after 151* 135-167 
3rd after 151* 135-166 
4th after 149* 134-164 
5th after 148* 132-163 
6th after 147* 133-160 
7th after 147* 134-159 
8th after 147* 135-158 
Sth after 146* 135-158 
10th after 145* 130-157 


*Significantly different from 10th minute before exercise 
(p < 0.01). 


described in a previous publication.* The relative ex- ` 


ercise intensity averaged 68.5% (range, 60.8% to 
73.1%) of maximal aerobic capacity. ‘The resultant met- 
abolic cost of the activity expressed as the ratio of es- 
timated exercise metabolic rate to estimated resting 
metabolic rate averaged 6.8 (range, 3.9 to 10.6). Ma- 
ternal heart rates averaged 148 bpm (range, 132 to 156 
bpm). This exercise regimen is consistent with the 
American College of Sports Medicine guidelines for 
developing and maintaining fitness in healthy adults* 
and is comparable to typical community-based fitness 
or aerobic training programs. 

The data were analyzed by means of analysis of var- 
lance with repeated measures.° When a significant F 
ratio was determined, post hoc comparisons were per- 
formed according to Dunnett's test, and pooled stan- 
dard errors of the means were calculated® (p values 
<0.01 were taken to indicate statistical significance). 


Results 


Eleven of the subjects had complete serial data for 
gestational weeks 28, 32, 34, 36, and 38. These data 
were analyzed separately to evaluate the effect of ges- 
tational age on the fetal heart rate response to exercise. 
Table I shows mean preexercise and postexercise base- 
line fetal heart rate as a function of gestational age. 
There were no significant differences between weeks 


Table III. Clinical classification of fetal heart 
rate responses before and after exercise 










Moderate 
Normal range tachycardia 
(120-160 bpm) (161-180 bpm) 


No. of No. of 

% tracings % tracings 
120/121 0.8 1/121 
109/121 9.9 12/121 










Before exercise 99.2 
After exercise 90.1 


of gestation in the fetal heart rate response to exercise 
(F = 1.33, p = 0.28). 

All values from these 11 subjects plus the remaining 
14 subjects were then averaged and the values before 
and after exercise were compared. The baseline fetal 
heart rate after exercise was significantly greater than 
the fetal heart rate before exercise (before:140, af- 
ter:149; F = 56.53; p < 0.001; SEM, 2.86). 

Fetal heart rate differences before and after exercise 
were further examined by a comparison of mid-range 
values for the final minute before exercise (tenth min- 
ute) with fetal heart rate values for each minute after 
exercise. The overall F value was significant, and post 
hoc comparisons were performed (overall F = 37.21; 
p <0.001; SEM = 3.02). These comparisons are 
shown in Table II. Mid-range fetal heart rate values 
for each minute after exercise were significantly greater 
than the final value before exercise. Fetal heart rate 
declined at a rate of approximately 1.8 bpm over the 
10-minute recovery period after exercise. 

Table IIHI demonstrates the clinical classification of 
baseline fetal heart rate response before and after ex- 
ercise in the 121 tracings obtained in the 25 patients. 
Less than 1% of the responses before exercise were 
found to be in the moderate tachycardia range of 161- 


- 180 bpm. In contrast, almost 10% of the responses after 


exercise were found to be in the moderate tachycardia 
range. There were no cases of marked tachycardia 
(#180 bpm) or bradycardia (<120 bpm) either before 
or after exercise. 

Four individual case examples are shown in Fig. 1. 
Case 1 was a 32-year-old primigravid woman at 36 
weeks’ gestation. Mean baseline fetal heart rate was 151 
bpm during the tracing before exercise and 155 bpm 
during the tracing after exercise. Case 2 was a 30-year- 
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Fig. 1. Fetal heart rate recovery after exercise. 


old multigravid woman at 36 weeks’ gestation. The 
baseline fetal heart rate before and after exercise was 
152 and 159 bpm, respectively. Case 3 was a 26-year- 
old primigravid woman at 34 weeks’ gestation. Baseline 
_ fetal heart rate was 146 bpm and after exercise the fetal 
heart rate was 146 bpm. Case 4 was the same 26-year- 
old woman at 36 weeks’ gestation. Baseline fetal heart 
rate before and after exercise averaged 132 and 142 
bpm respectively. In each case the tracing illustrates the 
fetal heart rate 10-minute recovery pattern after 
exercise. . 

Twenty-four of the women delivered normal infants 
with a mean birth weight of 3533 gm (range, 2963 to 
4338 gm) and a 5-minute Apgar score of 9 (range, 8 
to 10). Mean duration of pregnancy was 40.2 weeks 
(range, 36 to 42 weeks). One subject delivered a 3062 
gm infant with 1- and 5-minute Apgar scores of 1 and 
3, respectively. This infant was post term and suffered 
severe perinatal asphyxia. The infant died | week later. 
No fetal heart rate abnormalities had been noted in this 
infant during the study period. 


Comment 


The results of the present study confirm our earlier 
findings* that maternal exercise is associated with an 
acceleration of fetal heart rate. Using periodic 15-sec- 
ond auscultation of fetal heart rate by Doptone in our 
earlier work, we found a 4 bpm acceleration after 20 


minutes of cycling exercise and a 3 bpm elevation after 
5 minutes of recovery. In the present study a somewhat 
more pronounced fetal heart rate response was found: 
fetal heart rate was elevated by 13 bpm immediately 
after exercise and was elevated by approximately 8 bpm 
after 5 minutes of recovery. This study differs from 
our earlier work by the addition of brisk walking and 
jogging as exercise modes, continuous fetal heart rate 
monitoring, and a total duration of exercise that was 5 
minutes longer. The more pronounced fetal heart rate 
acceleratior. in the present study may be related to any 
of these three differences. 

Our results also support those of Dressendorfer and 
Goodlin,' who reported a 7 bpm increase in fetal heart 
rate during progressive cycle ergometry exercise testing 
in trained pregnant women, and those of Hauth et al.” 
However, Hauth et al. found that fetal heart rate was 
>180 bpm in 60% of their responses after jogging and 
>170 bpm in 73% of their responses after jogging. In 
contrast, we found no instances of fetal heart rate > 180 
bpm, and only 10% of responses in our study were in 
the range of 161 to 180 bpm: Differences in study de- 
sign may account for these differences. Exercise in the 
present study was individually prescribed according to 
estimated maximal aerobic capacity. Because of indi- 
vidual differences in maximal aerobic capacity, the re- 
sultant absolute exercise intensities ranged from 3.9 to 
10.6 times resting metabolic rate. In spite of this large 
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range in absolute exercise intensities, the relative ex- 
ercise intensity was within a small range (60.8% to 
73.1%) of maximal aerobic capacity. Thus the exercise 
was standardized according to relative exercise inten- 
sity. Subjects in the study of Hauth et al. were exercising 
at absolute intensities of approximately 10.3 to 12.2 
times resting metabolic rate (calculating from jogging 
speeds of 6.25 to 7.5 mph). Since they did not perform 
exercise tests to evaluate maximal aerobic capacity, the 
relative exercise stress for each individual subject is not 
known. Though it cannot be stated with certainty, we 
suspect that their subjects were also exercising at higher 
relative intensities than our subjects. In addition, it is 
not clear from their data whether the fetal heart rates 
after jogging were acceleraticns subsequent to fetal 
movement or whether they represented a baseline fetal 
heart response before and after exercise. 

Pernoll et al? found that fetal heart rate declined 
after exercise in women of <25 weeks’ gestation com- 
pared to a fetal heart rate increase in women >35 
weeks’ gestation. In contrast to their findings, we found 
no effect of gestational age on the fetal heart rate re- 
sponse during maternal exercise. The work of Pernoll 
et al. was based on 6 minutes of mild bicycle exercise 
whereas the exercise in our study consisted of moderate 
level walking, jogging, and cycling for 30 minutes. An- 


other difference between our studies may be the result 


of the population characteristics. Their data are based 
on a population of both normal and mildly abnormal 
women whereas our data were obtained from women 
with no obstetric or medical complications. The differ- 
ing nature of our exercise or study populations prob- 
ably accounts for the different results obtained. 

In our earlier study* we discussed factors that may 
be related to the acceleration of fetal heart rate follow- 
ing maternal exercise. These factors included fetal 
arousal, placental transfer of elevated maternal cate- 
cholamines, an increase in maternal and fetal temper- 
ature, or a reduction in uterine blood flow. It has also 
been suggested” ’ that fetal tachycardia after exercise 
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may be a compensatory response to undetected brady- 
cardia during maternal exercise. In the early stages of 
our research, we attempted to record fetal heart rate 
during exercise. This included fetal heart rate moni- 
toring while the women were cycling in an upright 
sitting posture and while cycling in a recumbent or 
semirecumbent position on an exercise table (Engi- 
neering Dynamics Corporation). In all cases we con- 
cluded that substantial artifact produced by leg and 
trunk motion rendered the tracings inadequate. How- 
ever, in many instances we were able to count fetal heart 
rate during exercise by using the amplification system 
of the monitor. It was our observation that fetal heart 
rate during exercise was within the normal or moderate 
tachycardia range. We could not find any evidence of 
fetal bradycardia. 

Finally, the neonatal findings at birth in this group 
of women confirm our previous findings and provide 
further evidence that quantitated maternal exercise up 
to 70% maximal capacity does not interfere with normal 
fetal growth and development. =, 
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Umbilical artery velocity waveforms and intrauterine 


growth retardation 


Adiel Fleischer, M.D., Harold Schulman, M.D., George Farmakides, M.D., 
Luis Bracero, M.D., Peggy Blattner, M.S., and Georgia Randolph, B.S. 


Mineola, New York 


A continuous-wave Doppler unit was used to obtain umbilical artery velocity waveforms and to calculate 
the peak-systolic/ciastolic ratio, a reflection of vascular resistance distal to the pcint of measurement. 

A total of 587 examinations were performed on 189 women between 18 to 42 weeks’ gestation. The 
neonates were divided in four groups based on their centile birth weight: <25%, 25% to 50%, 51% to 
75%, and >75% for that gestational age. In all four groups the placental vascular resistance as reflected 
by the systolic/diastolic ratio fell progressively from the 24 weeks onward. In the lower weight group, 
placental vascular resistance between 31 to 39 weeks’ gestation was higher than in the other three groups 
(p < 0.05). For measurements taken between 31 and 39 weeks’ gestation we calculated the predictive 
value of this test in identifying the small—for—gestational age fetus. A ratio of =3 was defined as abnormal. 
' For the entire population tested, sensitivity was 78% and the specificity was 83%. The predictive value 

of a positive test was 49%, but when hypertension was present, it was 66%. These findings may prove 
useful in identifying and managing pregnancies at risk for intrauterine growth retardation. (Am J OBSTET 


GYNECOL 1985;151:802-5.) 


Key words: Doppler unit, umbilical artery, growth retardation 


Although there are multiple causes of intrauterine 
growth retardation, the majority of cases are probably 
secondary to a diminution in the supply of nutrients 
and oxygen. to the fetus." * Clinical understanding of 
this disorder has been hampered by the paucity of tech- 
niques to measure placental function, the critical organ 
through which the transfer of nutrients-occurs. Re- 
cently new technology has become available which pro- 
vides the means to serially examine the development 


of the umbilical and uterine circulation during human. 


pregnancy.° 


Doppler ultrasound has been applied to the study of 


the circulation for the past decade. Proven usefulness 
has occurred in the study of peripheral vascular disease 
and the evaluation of carotid artery stenosis." Contin- 
uous-wave Doppler instruments are used routinely in 
most obstetricians’ offices to provide evidence of fetal 
‘hfe by detecting aortic, umbilical, or cardiac signals. 
When these signals are summated by the technique of 
spectrum analysis, a pattern is created, the velocity 
waveform.’ In this report we will describe in detail our 
experiences with 24 small—for—gestational age fetuses 
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in whom umbilical artery velocity waveform studies 
were carried out in the last 11 weeks of pregnancy. This 
new procedure appears promising for diagnosis and 
offers a method of making an earlier detection and of 
developing treatment protocols. 


Material and methods 

The study group consisted of 189 women followed 
in the antepartum clinics of the Bronx Municipal Hos- 
pital Center and the Nassau Hospital. Women selected 


for study were those who had simultaneous nonstress — 


testing, attended a high-risk pregnancy clinic, were re- 
ferred because of suspicion of intrauterine growth re- 
tardation, or had volunteered for a routine screening 
program (Table I). Since the entire population was not 
examined, our data cannot represent the frequency in 
which an abnormal finding might occur. The project 
was approved by our clinical human investigation com- 
mittees and signed informed consent was obtained 
upon entry into the study. A continuous-wave Doppler 
unit with a 4 MHz transducer and a power density of 
6 mW/cm? was used to identify the umbilical artery 
velocity waveforms. A detailed review of the equip- 
ment, the methodology, and the theoretical consider- 
ation for practical use of velocity waveforms has been 
described previously.” 

To describe briefly, with the woman in a supine, 
slightly tilted position, the Doppler transducer is placed 
on the abdomen and moved around until a clear signal 
is obtained (Fig. 1). In most instances, after 24 weeks’ 
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Table I. Study group characteristics 


| No. of women | . % 
At risk 90 47 
Hypertension 63 
Suspected intrauterine growth 47 
retardation* 
Poor obstetric history 8 
Medical complications 5 
Other factors . 2 | 
No risk factors 99 53 


*Some also had hypertension. 


gestation the reading is easily cbtained in the perium- 
bilical area within 4 to 10 minutes. Once this signal is 
obtained, the image is frozen and the systolic/diastolic 
ratio is calculated (Fig. 2). These waveforms are quite 
characteristic and can easily be distinguished from ma- 
ternal waveforms (based on rate) or the other fetal 
waveforms commonly seen, fetal aorta or fetal heart.’ 
Four measurements of four separately imaged wave- 
forms were taken during each session, and a mean value 
was calculated. In an earlier publication we reported 
on 89 women with appropriate—for—gestational age fe- 
tuses and 16 with intrauterine growth retardation. This 
report adds additional cases to amplify the data and to 
examine the intrauterine growth retardation group 
more closely. 

Gestational age. was determined by a combination of 
historical or clinical assessment, and ultrasound when 
available. The data was analyzed in three additional 
ways from that previously published. Regression curves 
were developed based on weight for gestational. age 
quartiles. The Battagha-Lubchencho graphs were.used 
as the reference bases. Distribution columns were con- 
structed to demonstrate range and means of weight 
quartiles and the lower-tenth percentile. Finally, sen- 
Sitivity, specificity, and predictivé values for positive 
tests were calculated. 


Results 


Previously it was noted that the average error en- 
countered between consecutive examinations was 6% 
with a standard deviation of 5%. Hence, the maximum 
error in serial determinations is 16%. Only women hav- 
ing at least two measurements between 18 to 42 weeks’ 
gestation were included in the analysis, except for two 
of the intrauterine growth retardation fetuses. Linear 


regression analysis for appropriate—for—gestational age 


fetuses revealed a. standard deviation of 0.45 and a 
standard error of 0.002. For small—for—gestational age 
fetuses the standard deviation per gestational week is 
larger, 0.63, because values can range from 2.5 to 7. 
Values above 6 are not included. 

The neonates were divided into four groups based 
on their quartile birth weigkt for sex and gestational 
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Fig. 1. Signal produced by Doppler transducer. S = Systolic; 
D = diastolic. 


age: group I, >75%; group 2, 51% to 75%; group 3, 
25% to 50%; group 4, <25%,. The systolic/diastolic ratio 
was then plotted against gestational age for each in- 
dividual group. 
_ A total of 587 examinations were performed on 189 
women. The results in the four groups are shown in 
Fig. 3. The data for the three upper weight groups are 
indistinguishable, but the ratios in the <25% group 
were significantly higher from 30 weeks’ gestation on- 
ward (p < 0.05). 

Fig. 4 plots the distribution of average systolic/dia- 
stolic values for women who had at least two measure- 
ments between 31 and 39 weeks’ gestation. In addition, 


‘the lower 10% were separated out to conform to the 


established definition of intrauterine growth retarda- 
tion. A total of 138 women having 409 measurements 
at each gestational period was similar in all four groups. 
Based on the distribution in Fig. 4 and for clinical util- 
ity, a normal systolic/diastolic ratio was defined as <3. 
A significant difference (p < 0.01) was seen in the 
<25% and <10% groups. 

Next, calculations were carried out to determine the 
specificity, sensitivity, and predictive value of the um- 
bilical artery velocity waveform ratios. With abnormal 
defined as 23, standard calculations were made as il- 
lustrated in Table II: For these calculations the standard 
definition of small—for—gestational age was used, i.e., 
<10% of weight for the gestational age.® The predictive 
value of a positive test was 49% significantly better than 
the prevalence rate in this population, which was 16% 
(p < 0.01), The predictive value of a negative test was 
95%. The hypertensive group was segregated, and then 
the same analysis was carried out. There were 52 
women with at least two measurements. The predictive 
value of the test was now 66% (p < 0.001). The pre- 
dictive value of a negative test was 94%. For the pop- 
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Fig. 3. Umbilical. artery velocity ratios. and birth weight 
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ulation as a whole, the sensitivity was 78% and the spec- 
ificity was 83%. 


Comment 
: Umbilical artery velocimetry appears to be a prom- 


ising new technique for the study of fetal growth re- 


tardation. Although the classic definition of. intra- 
uterine growth retardation „has been the lower-tenth 
percentile in weight for that gestational age; our data 


suggest that the twenty-fifth percentile may be a phys- 


iologic turning point. When umbilical artery velocity 
waveform systolic/diastolic ratios are calculated, both 
the twenty-fifth and tenth percentile groups were sig- 
nificantly higher than those of larger babies. It is pos- 


24 26 28 30 32 34 36 38 40 42 


Table II. Predictive values oF systolic/diastolic 
ratios 





Positive | Negative 
test* testt 


Total study group (n = 137) 


Smail—for—gestational age 18 5 23 

_ Average—for—gestational: age 19 95 114 

Total 37 100 137 
Hypertensive patients (n = 52)8 

Small—for—gestational age l4 . 2 16 

Average—for—gestational age 7 29 36 

“Total |, ; 21 2 Sk 52 


*Mean systolic/diastolic ratio > 3 (31-39 weeks’ gestation). 
+Mean systolic/diastolic ratio < 3 (31-39 weeks’ gestation). 
Sensitivity, 78%; predictive value of positive test, 49%; 


‘specificity, 82%; predictive value of negative test, 95%. 


. §Sensitivity, 87%; predictive value of positive test, 66%; 


‘+ specificity, 81%; predictive value of negative test, 94%. 


sible that this may be-a manifestation of. the weight 


_ distribution of our population, but it may also reflect 


a deviation .in. the ratio. that 1 is reflective.of a critical 
reduction in blood flow. which impairs fetal growth.” 
An abnormal test proved to have good predictability 


~ -for intrauterine growth retardation. A positive test was 


predictive to the level of 49%, but if the woman had 
hypertension, it was 66%. This is superior. or compa- 
rable to most reports utilizing morphologic ultrasound 
parameters. We have begun studying uterine artery 
velocimetry, and we suspect that the higher predict- 
ability in hypertensive women is because of the higher 
probability of increased uterine artery resistance.’ 

As in the-case of fetal: heart rate monitoring, the 
predictive value of a negative test is 95%. Thus a fetus. 
with a normal umbilical artery velocity waveform pat- 
tern is very likely to be normal in size. It is not unex- 
pected that abnormal patterns, should -not always be 
associated with a small fetus. Velocity is only a com- 


ponent of flow but not.a measure of flow itself. Fur- 


thermore, the fetus has compensatory.mechanisms for 


- the uptake of nutrients when flow is diminished. 
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Fig. 4, Distribution of average systolic/diastolic ratios as a 
function of newborn weight between 31 and 39 weeks’ ges- 
tation. 


The numbers involved in this study are too small to 
define a relationship between the elevated systolic/di- 
astolic ratio, and the subsequent development of an 
abnormal fetal heart rate pattern. It is probable that 
there are many factors that play a role, since in some 
cases the systolic/diastolic ratio may appear elevated as 
early as 16 weeks’ gestation, whereas others develop as 
a secondary event after normal placentation had been 
established. 

The measurement of a systolic/diastolic ratio as pro- 
posed in the study depends on pattern recognition of 
the vessel.’ It is a reflection of resistance beyond the 
point of measurement, and therefore it is a crude in- 
dicator when compared to direct calculations of flow. 


Umbilical artery velocity waveforms 505 


However, in order to measure flow, the fetal vessel must 
be visualized, the diameter measured, and the angle of 
the transducer signal must be known.® " Since the fetus 
does not remain in a. fixed position, these measure- 
ments can be quite time consuming, and with the com- 
bined imaging and pulsed Doppler transmission, the 
energy absorption or power density exceeds currently 
recommended levels. Those reports that have mea- 
sured flow have suggested a decrease of approximately 
25% below the expected value of 115 ml/kg/min when 
intrauterine growth retardation is present." Gill et al." 
measured umbilical venous flow in 11 patients with 
intrauterine growth retardation and had a positive pre- 
dictive value of 62%: Their numbers are not signifi- 
cantly different from ours when their appropriate—. 
for—gestational age numbers are brought to parity with 
ours, e.g., their corrected results would be 53%. 

As shown in this report, accurate velocity waveforms 
can be obtained without imaging the fetus and umbilical 
cord. This approach makes the procedure simpler and 
significantly reduces ultrasound éxpqsure. Finally, the 
simplicity allows repetitive examinations so that the 
method is of value as a screening test and may prove 
to be an important fetal surveillance tool. 
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Estrogen stimulates formation of lamellar bodies and release 


of surfactant in the rat fetal lung 


Asa Thuresson-Klein, Ph.D., Atef H. Moawad, M.D., and Per Hedqvist, M.D., Ph.D. 


Jackson, Mississippi, Chicago, Ilinois, and Stockholm, Sweden 


Estrogen has been shown to enhance the B- adrenergic-receptor sites in rabbit lung tissue. Because of the 
possible relationship between B- adrenergic receptor and surfactant maturation, we studied the electron 
microscopic changes in type Il cells of lung tissue of control as well as estrogen- -treated developing 
rat fetuses. The amniotic sacs of 31 gravid rats, at day 15 to 21 of a 22-day pregnancy, were injected with 
either estradiol phosphate or saline solution or were not injected. The contralateral horn pregnancies 
acted as controls. In the noninjécted and saline solution—injected controls multilemellar bodies started to 
be visible on day 18 and increased in number as well as size on days 18 and 19. On day 20, the process 
of release of the phospholipids into the alveolar cavities became apparent. After 48 hours of exposure 
to estradiol, there was a marked enhancernent of the development of lamellar bodies, which were visible 
on day 17. The increase was both in number and in complexity. in the estradiol-injected animals, the 
release of the contents of the lamellar bodies into the alveolar cavity started 1 tc 2 days earlier than in the 
control animals. There is an indication that propranolol injection decreases both the formation and the 


` release of the phospholipids. We conclude that estrogen stimulates both the formation and the release of 


surface-active phogpholipids in rat fetal lung tissue. (AM J Opstet Gynecot 1985:151:506-14.) 


Key words: Fetal lung, estrogen, surfactant release, B-adrenergic receptor, phospholipids 


It is well established that the synthesis of surfactant 
takes place in type II cells of the lung.' The develop- 
mental process, which starts late in fetal life, involves 
the formation and storage of these. phospholipids. in 
= eosinophilic lamellar bodies, subsequently followed by 

exocytotic release into the alveolar space.’ Both hor- 
monal and nervous mechanisms are considered to be 
involved in the control of this process. Thus it has been 
shown that corticosteroids,* * thyroxine,” ë prolactin,” ê 
and ßB-adrenergic agonists? enhance the maturation 
and/or release of surfactant. Cortisol treatment is also 
associated with an increase in the number of B-adren- 
ergic receptors in the lung, an effect which might ex- 
plain why corticosteroids are effective in the treatment 
of respiratory distress syndrome.’ Recently, we have 
shown that estrogen has the very same stimulant effect 
on B-adrenergic—binding sites in the immature and ma- 
‘ture rabbit lung in vivo, whereas progesterone is in- 
hibitory in this respect.” Since the rat fetus near term 
is exposed to increasing concentrations of estrogen, 
concomitant with a fall in progesterone," the present 
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study was, designed to elucidate further the action of 
estrogen on the development and release of surfactant 
into the alveolar space of rat fetuses in late gestation. 


Materia! arid methods 

Thirty-one pregnant Sprague-Dawley white rats 
were used. The gestational ages of the fetuses were 
calculated from the day. of mating with the total length 
of gestaticn being 22 + 1 days. The animals were an- 
esthetized with ether. The abdominal wall was opened, 
the uterine horns exposed, and the number of fetuses 
in each horn. noted. Water-soluble estradiol phosphate, 
4 pg in 10 pl, was injected into the amniotic sac of a 
selected fetus with a 100 zm pore-size glass micro- 
electrode. The same procedure was done on one of the 
amniotic sacs in the opposite horn, with saline solution 
only injected to act a8 a placebo control. The horns 
were repositioned in the abdomen, and the abdominal 
wall was closed. At a second operation, performed 
either 24 or 48 hours later, the fetuses were removed 
and the lungs dissected free and prepared for electron 
microscopy, as deScribed below. The fetuses removed 
had been injected with either estrogen or saline solution 
(placebo control) or were noninjected (pure control). 

The experimental protocol was as follows. 

Control experiments. Fourteen pregnant rats were 
put to deaczh at various stages of gestation, between day 
17 and day 22 (or day of delivery). These experiments 
were done in order to establish some baseline data con- 
cerning the gestational age and fetal weight relation- 











Fig. 1. Electron micrographs of fetal lung tissue from various gestational ages. The weight of the 


fetus is indicated on the illustration. A bar indicates the magnification. a, Portion of lung ussue from 
gestational day 17 of a control fetus. No lamellar bodies were present in the cells. 6, Small lamellar 
bodies were present in the estrogen-exposed littermate. c, On gestational day 18 some small lamellar 
bodies could be found in a few saline solution—treated fetuses. 





ship, as well as the appearance of lamellar bodies and 
secreted surfactant in the fetal lung. 

_ Estrogen or saline solution injection in experimen- 
tal animals. Between the fifteenth and the twentieth 


+. day of pregnancy the amniotic sacs of control and ex- 
__.. perimental. fetuses of 13 animals were injected with 


saline solution or estradiol, respectively, and put to 
death 48 hours later. 

Propranolol injection of experimental animals. The 
pregnant rats were injected subcutaneously with a dose 
of 3 mg/kg of body weight every 12 hours. Two animals 
were injected from day 17 and put to death on days 18 
and 19, respectively, and one was injected from day 18 
and put to death on day 20. Two rats were injected 
with propranolol from day 16, the amniotic sacs were 
injected with estrogen or saline solution on day 17, and 
the animals were put to death 48 hours later. 


Tissue preparation for electron microscopy. The 





fetal lungs were rapidly removed and a thin strip close 0 
to the midline and extending from the top to the bot- 
tom was excised from the left lung. In some instances, 
strips were also taken from the central portion of the - 
right lung to see if there were differences in the 
maturation process under controlled conditions. Ultra- 
structural evaluation of these did not reveal any dif- 
ference in the development of the pulmonary paren- 
chyma, and therefore the sampling was mainly re- 
stricted to the left lung strip. o 

Most strips were fixed by immersion but some were 
flooded with fixation medium immediately after the 
thoracic cavity had been opened. Perfusion through the 
trachea or pulmonary artery was not possible for prac- 
tical reasons. However, since there was no air present 
which could prevent the penetration of fixative, a rea- 
sonable quality of fixation could still be achieved. 

A highly purified 2.5% glutaraldehyde, containing 
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Fig. 2. Electron micrographs of fetal lung ussue from various gestational ages. The weight of the 
fetus is indicated on the illustration. A ġar indicates the magnification. a, During gestational day 19 
numerous lamellar bodies could be found in control lung tissue and microvilli were relatively well 
developed. b, On gestational day 20 multilamellar bodies were well developed and some released 
material could usually be found in the alveolar space. c, On gestational day 21 the type II alveolar 
celis contained numerous multilamellar bodies which were in a position to be released. d, Late on 
gestational day 21 or during day 22, immediately before spontaneous delivery, the alveolar space 


0.1 to 0.15 mol/L of potassium phosphate buffer (pH 
© 7.2 to 7.4) and 0.05 mol/L of sucrose, was used as pri- 
` mary fixative. Postfixation was in a 2% osmium tetrox- 
“ide solution in the same buffer. After rinsing, the tissue 
_ was stained en bloc in 2% cold aqueous uranyl acetate, 
_ which was gradually warmed to 40° C. This procedure 
_was found to improve the preservation of the multi- 
“lamellar bodies but also to cause extraction of glycogen. 
- After staining, the tissue blocks were dehydrated in a 
: graded ethanol series and embedded in Spurr's low- 
viscosity medium, and gray- to silver-colored sections 
were taken with an LKB Ultrotome. To enhance con- 
trast the sections were stained with lead citrate on the 
- grid before viewing under the electron microscope. 





contained dispersing multilamellar bodies which formed the netiike surfactant structure. e, A portion 
of surfactant with typical netlike structure at higher magnification. 


Resuits 


The fate of the injected estrogen was determined by 
means of tritium-labeled estradiol phosphate. In this 
set of experiments the same protocol was followed, as 
described above, and various organs were then 
weighed, homogenized, and analyzed for radioactivity. 
At 24 hours after injection, it was found that significant 
amounts of radioactivity remained in the fetal body, 
especially the liver but also in the lungs. Very little ra- 
dioactivity remained in the amniotic fluid and mem- 
branes. At 48 hours after injection the radioactivity had 
disappeared from the lungs and from the amniotic fluid 
and membranes, and only traces remained in the liver. 
It was also found that adjacent fetuses and amniotic 




















| “Volume 151 
Number 4 





Fig. 3. Electron micrographs of fetal lung tissue from various gestational ages. The weight of the 
fetus is indicated on the illustration. A bar indicates the magnificauon. a, A portion of lung tissue 
from an estrogen-exposed fetus that contained numerous lamellar bodies. A saline solution—treated 
control littermate had not developed any lamellar bodies. Some multilamellar bodies were associated 
with the Golgi apparatus (inset). 6, On gestational day 18, many of the mululamellar bodies in 
estrogen-exposed fetuses appeared to be almost fully developed and measured | pm or more in 
size. c, On gestational day 20, estrogen-exposed fetuses had type H alveolar cells which were as well 
developed as those found on day 21 in control fetuses. d, The release of lamellar body contents was 
often observed in estrogen-exposed fetuses on gestational day 20. 


sacs were not contaminated with the injected estrogen 
at either time. The maternal lungs, liver, and kidney 
had no radioactivity 24 or 48 hours after injection. 

Starting on day 16 of the 22 + | days of gestation 
the development of the lamellar bodies in the lung 
parenchyma was observed unul immediately prior to 
delivery, that is, in fetuses that were already descending 
(Figs. 1 to 3). The formation of the multilamellar 
bodies, their release, and the subsequent formation of 
surfactant followed a progressive and sequential 
pattern. 

On gestational day 17 (fetal weight, 0.8 to 1.0 gm) 
the type H alveolar cells were difficult to distinguish in 
noninjected and saline solution—injected fetuses (Fig. 


1, a). No dense lamellar bodies or microvilli were pres- _ 


ent. Thus this stage probably corresponded to the late : 


canalicular or early alveolar stage of fetal development. 
While the control fetuses lacked lamellar bodies, the 
estrogen-ex posed littermate (Fig. 1, b) had already be- 
gun to develop bodies with a few concentric lamellae 
around an inner core of more homogeneous material. 
However, most of these lamellar bodies were only 0.25 
to 0.50 um. 

Not until day 18 and in only one of the saline solu- 


tion—injected fetuses with a fetal weight of 1.2 gm was | 


the first indication of multilamellar body formation ob- _ 
served (Fig. 1, c). The fetal lung of this animal con- 
tained many cells with small dense bodies scattered in 














Fig. @. Electron micrographs of fetal lung tissue from various gestational ages. The weight of the 
fetus is indicated on the illustration. A bar indicates the magnification. a, On gestational day 21 the 
extracellular space contained multilamellar bodies reaching 1 to 1.5 jum in size. Netlike surfactant 
(arrow) was often present. 6, A releasing lamellar body and several bodies in the periphery of a type 
II alveolar cell, which were typical for this stage of gestation in estrogen-treated fetuses. 


~ the cytoplasm. Eighty percent of these measured 0.25 
to 0.50 um and thus appeared to be at the same stage 
of development as the lamellar bodies in the 0.8 gm 
estrogen-exposed fetus. 

The number as well as the size of the individual la- 


eS mellar bodies increased from day 18 to day 19 (fetal 


weight, 1.2 to 1.6 gm) but 50% of the bodies were still 
“between 0.25 and 0.50 wm in size. At day 19 it was 
usually possible to find microvilli (Fig. 2, a). In general, 
the process of an exocytotic release of lamellar body 
-contents had not started during the nineteenth day of 
development and the occurrence of lamellar material 
in the alveolar space (Fig. 2, 6) before day 20, when 
the fetal weight was approximately 2.0 to 2.6 gm, was 
rare. 
: Between day 20 and day 21 the fetal weight reached 
3 gm. ‘At this point in development the alveolar type 
II cells contained many lamellar bodies measuring 0.5 
to 1.0 wm. Many of the bodies were located peripherally 
Fig. 2. £), and several had actually fused with the cell 
membrane and were releasing their contents. The pre- 
viously extensive number of other cell organelles was 
greatly reduced. 
i ce From day 21 there was an increase in secreted la- 
-mellar bodies and the characteristic netlike pattern of 
` surfactant became evident. In the lungs of the descend- 
: ing fetus fixed at day 22 of gestation (weight, about 4 
gm) there were large patches of material with typical 
surfactant ultrastructure (Fig. 2, d). As the lamellae 











were dispersed from the multilamellar body they be- 
came interwoven and coalesced to form areas with the 
netlike substructure (Fig. 2, e). 

Estrogen-exposed fetuses. Mululamellar bodies — 
could be observed from the seventeenth day of gesta- 
tion when the fetus weighed 20.8 gm and had been 
exposed to estrogen since day 15 (Fig. 1, 6). If the 
amniotic sac was injected prior to day 15 the fetuses 
did not survive. Also, in surviving fetuses weighing < 
0.8 gm it was not possible to find lamellar bodies. 

On day 17 many small lamellar bodies were scattered 
in the cytoplasm of presumptive alveolar type H cells. 


They were similar to those observed in fetuses | to Beak 


days older, which had not been subjected to estrogen 
exposure (compare Fig. 1, b, with 1, c, and 2, a). Late — 
on day 17, when the fetal weight was 1 gm (Fig. 3, a), 
about 75% of the lamellar bodies were larger than 0.5 
pm. At this ime many cells were undergoing mitosis 
and an abundance of ribosome-studded endoplasmic 


reticulum, free ribosomes, and well-developed Golgi | A 


apparatus were present. The Golgi cisternae were often. 
in close contact with developing multilamellar bodies 
(Fig. 3, a, inset), indicating that some of the material 
was packed via the Golgi apparatus. | a 

On day 18, when the fetal weight was i 2 gm (Fig. E 


3, b), the multilamellar bodies were more developed eee 







than in saline solution—injected. fetuses weigt i f 
gm (Fig. 2, a). Many bodies measured 2 21.0 um and- 
were thus usually larger than the mitoc hondria. Only 














Control i (No. a bodies) 


Fetal age 
-> (days) e 
Fetal weight 0.8 10 1.2 1.6 1.6 
(gm) 
“Size of bodies (um) 





3 0%. af Ethe lamellar bodies were <0.5 um in diameter, 
compared to 80% i in the 1. .2.gm control animal. | 

On day 19 to day 20 many lamellar bodies appeared 
to be fully developed in structure and size (Fig. 3, o). 
4 Release of lamellar bodies was observed i in estrogen- 








d ring day OCF (Fig. 3, d. | 
By: early on day 21, when the fetus re 3. 2 gm, 
he entire alveolar cavity was sometimes filled with re- 
leased lamellar bodies and material with the distinct 
en structure of surfactant (Fig. 4, a). Numerous lamellar 
-= ~ bodies still within the alveolar cells were close to the 
ini i cell surface or undergoing exocytosis ( Fig. 4, b). Thus 
the maturity of the type I alveolar cells and the la- 
-mellar bodies could be favorably compared to the stage 
ai -reached in control fetuses that were already descend- 
































: The difference in the number and the size of the 
nellar bodies in the type H alveolar cells of estrogen- 
reated. fetuses and littermate controls (injected with 
aline solution) of the same weight is shown in Table 
ee In each animal, 20 alveolar cells were selected at 
| random and carefully screened for lamellar bodies. At 
- fetal weights of 0.8 and 1.0 gm, corresponding to early 
and late on day 17,a good many, albeit small, lamellar 
odies were found in the alveolar cells of estrogen- 
ated animals, but none in the controls. From day 18 
te was a successive increase in the number and mean 
Zz of lamellar bodies in both the treated and the con- 
trol animals. However, in both respects saline solution— 
“injected animals lagged approximately 2 days behind 
m: that had received estrogen (Fig. 6, A and B). 
nies _ Estrogen-propranolol interactions. Only a few la- 
oS telar bodies were present in the fetal lungs at a ges- 
i tational age of 18 or 19 days when the mother had 
ae -been injected with propranolol from day 17. Also, with 
_ injection from day 18 and sacrifice on day 20 the num- 








i = ber of lamellar bodies was low and many. of those pres- 


l ent were abnormal (Fig. 5, Oe Large Hpi droplets: were 


| “Table L The hamber and size of lamellar bodies i in- estrogen- -treated rat fetuses v versus. s saline solution ne as 
: Pe _ injected littermates of same weight at various stages of gestation 3 | : | ae 
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-0.75-1.00 — Jie 4 15 67 

1.00-1.25 — pa _ l 9 

1.25-1.50 — — — oo 4 

1.50-1.75 — seas nae ae oa 

ete > 1.75 — S ps en = 
Toal N No. | eae 2 i 


` treated fetuses weighing <2 gm and became abundant f 
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scattered i in the. cytoplasm, but er. were ina. 2 
somes and the Golgi apparatus was not well develop 
(Fig. 5, b} “When the mother was injected. with pi 
pranolol on day. 16 and the fetuses exposed to est! 
on day 17 and put to death 48 hours Jater, the nun 
of lamellar bodies remained low and there was no 
nificant difference ‘compared. to the number in sali 
solution—injected or “noninjected littermates oe 5, ¢ ; 
















Comment 


The results of these experiments is clearly indicate tha 
estrogen injected into the fetal compartment in preg 
nant rats enhances the formation and ‘subsequent re 
lease of lamellar bodies from type H alveolar cel 
the fetal lungs. This appears to. be accomplishe 
through the increased synthesis and packaging of th 
surface-active phospholipids in the lamellar bodie 
indicated by the large number of ribosomes and th 
apparent increase in quantity of the rough endopla 
reticulum. It is also clear that these changes canne 
attributed to stress induced by manipulation 
trauma of the operative procedure or by invasio 
the amniotic sac, since the saline solution—inje 
tuses did not show the response that was obser ver 
estrogen treatment. a 

There is. considerable. circumstantial evidence the 
adrenergic mechanisms, or at least f- adrener gic rece} 
tors, are involved in the process of surfactant relea 
from type IH alveolar cells. It has been documented 
B-adrenergic—receptor agonists greatly enhance th 
lease of disaturated phosphatidylcholine, the majo 
phospholipid component in surfactant, from murin 
type H cells in culture.’ Oyarzun and Clements" 
found that systemic administration. of terbutaline 
rabbits caused an increase in the phospholipid cont 
in lung lavages and that this increase, as well as t 
induced 7 age erent: was. s blocked by prop 
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Fig. 5. Electron micrographs of fetal lung tissue from various gestational ages. A bar indicates the 
magnification. a, After propranolol exposure, on gestational day 20 the fetuses had a diminished 
number of lamellar bodies and those present were often distorted. b, On gestational day 20, large 
lipid droplets (arrows) were present in many of the type II alveolar cells with only a few lamellar 
bodies (arrowheads) after propranolol treatment. c, Estrogen injection 24 hours after the initial 
propranolol exposure did not significantly reverse the inhibitory effect of propranolol. Only a few 
lamellar bodies were present on day 19 of gestation. 


lipid content in lung lavages.'* In this case, however, 
there was a concomitant decrease in the number of 
lamellar bodies per type H “cell profile.” The inter- 
pretation of these results was that the functional effect 
of B-adrenergic stimulation is release of preformed la- 
mellar bodies rather than de novo synthesis. 

Recently it was shown that estrogen increases the 
number of B-adrenergic—binding sites in the lungs of 
mature and immature rabbits’? as well as rabbit fe- 
tuses.’ It is reasonable to assume, therefore, that the 
increased release of lamellar bodies after treatment of 
rat fetuses with estrogen observed in the present study 
was in fact due to activation of the B-adrenergic mech- 


anism. However, in contrast to treatment with B-ad- 
renergic—receptor agonists, there was also a marked 
increase in the formation of new lamellar bodies in the 
type I] alveolar cells. At present it is not clear whether 
this is also the result of the activation of B-adrenergic 
receptors or whether it represents a separate mecha- 
nism, possibly the enhancement of protein synthesis, 
which is suggested by the abundance of endoplasmic 
reticulum in the type II cells of estrogen-treated 
fetuses. 

We also observed that administration of propranolol 
to the mother greatly retarded both the formation and 
the release of lamellar bodies in the fetal lung. More- 
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Fig. 6. The number of lamellar bodies (A) and their mean size 
(B) in the type II alveolar cells of rat fetuses at various stages 
of gestation. The animals were littermates of equal weight and 
had been injected with estrogen or saline solution (control) 48 
hours before sacrifice. Each symbol represents the mean value 
from 20 cells chosen at random. 


over, exposure of zhe fetus to estrogen did not reverse 
this effect. This seems to indicate that the B-adrenergic 
receptors may control the entire chain of events leading 
ultimately to surfactant being presented to the alveolar 
wall and that estrogen is capable of stimulating lamellar 
body synthesis and release only when a sufficient num- 
ber of B-adrenergic receptors are available. However, 
these data should be interpreted cautiously because 
propranolol was given either before or when only a few 
lamellar bodies had appeared in the fetal lungs. More- 
over, the dose used was high and apparently caused 
some trauma to the fetuses, as indicated by the slightly 
reduced weight in these animals and the presence of 
abnormal lamellar bodies in some of the type II cells. 
Further experiments with the use of B-adrenergic—re- 
ceptor antagonists In lower doses and at various stages 
of gestation are required to elucidate the presumed 
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interplay between estrogen and the B-adrenergic—re- 
ceptor mechanism in the synthesis and/or release of 
lamellar bodies. 

Regardless of its mechanism of action, estrogen must 
be added to the list of endogenous agents that stimulate 
surfactant formation in and release from the type II 
cells of the fetal lung. It is of interest to note that the 
plasma levels of estrogen increase near term and those 
of progesterone decrease, a change apparently brought 
about by a surge of cortisol secreted from the fetal 
adrenal gland and affecting steroid production in the 
placenta.’® Both cortisol and estrogen raise pulmonary 
B-adrenergic—receptor activity’® ‘7 and promote fetal 
lung maturation,’® whereas progesterone has an inhib 
itory effect, at least on the §-receptors.’”” 

At present, the significance of estrogen in the process 
of lung maturation is not known, but it is striking that 
the change in the estrogen/progesterone ratio coincides 
with development and maturation of lamellar bodies 
in the fetal lung and that premature delivery, before 
the rise in estrogen, is associated witk an increased in- 
cidence of respiratory distress syndrome. 
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Estrogen increases 8-adrenergic binding in the preterm fetal 


rabbit lung 


| Atef H. Moawad, M.D., L. Philip River; B.A., and.Chin-Chu Lin, M.D. 


eee? Ilinois 


Tritium-labeled dihydroalprenolol was used to quantify g-adrenergic—recaptor sites in day 28 fetal rabbit 
lung tissue. Each of the amniotic sacs of pregnant New Zealand White rabbits on day 26 of gestation was 
injected in vivo with estrogen (estradiol phosphate, 1.6 ug) in one horn and ncrmal saline solution-in the 
contralateral one, Thè animals were put to death 48 hours later and the fetal lung tissues were assayed. 
Estrogen increased the number of 8- adrenergic-receptor sites in the treatment group compared to the 
contro! group (216 versus 163 fmol/mg of protein, p < 0.02 by paired t test). in the presence of estrogen, 
B-adrenergic—receptor activity is enhanced in the preterm fetal rabbit. This effect may be implicated in 

the §-adrenergic mediation of phospholipid err and release in fetal alveolar cells. (Am J OBSTET | 


GYNECOL 1985;151:514- 8.) 


Key w TEE g- Adrenergic eee estrogen, fetal rabbit lung, phospholipid ee and 


release, surfactant - 


Our aim in this study was to assess the effect of es- 
trogen on the lung B-adrenergic—receptor sites in rab- 
bit fetuses in vivo, as determined by radioligand bind- 
ing assays. Previously we have reported that exogenous 
estrogen and endogenous estrogen increase the num- 
ber of. B-adrenergic—receptor sites in immature and 
mature rabbit lung tissue.' 8-Adrenergic stimulation 
has been shown to accelerate surfactant production in 
the fetal lung.” * Given that estrogen affects the number. 
of B-adrenergic—receptor sites in mature and immature 
rabbit lungs, these experiments were designed to in- 
vestigate whether the same mechahism is functional 


during fetal development. It is also important to know ` 


whether this mechanism is implicated in the process of 
oe and release of the lung surfactant. 


` Material and methods 


We used tritium- labeled dihydroalprenolol, a re- 
versible and potent B- -adrenergic agonist with phar- 
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macologic characteristics consistent with binding to 
B-adreneérgic receptors, to quantify the numbers of B- 
adrenergic—receptor sites in the fetal New Zealand 
White rabbit lung following estrogen treatment. 
Pharmacologic agents. Dihydroalprenolol with a 
specific activity of 49.1 Ci/mmol was obtained from New 
England Nuclear. (~)-Norepinephrine hydrochloride, 
(—)-epinephrine bitartrate, (— )-alprenolol, (—)-isopro- 
tereno! hydrochloride; (+)-isoproterenol hydrochlo- 
ride, and estradiol phosphate were obtained from 
Sigma Chemical Company. (+)-Propranolol, {—)-pro- 
pranolol, and (+)-norepinephrine bitartrate were a gift 
from Dr. Leon Goldberg, Department of Pharmacol- 
ogy, The University of Chicago. | 
_ Treatment regimen. Six mature female New Zealand 
White rabbits were bred, with day zero of gestation 
taken as the day of breeding. On day 26 of gestation 
the rabbits were anesthetized with 40 mg/kg of keta- 
mine, 16 mg/kg of xylazine, and 2.5% halothane gas. 
The two uterine horns were exposed and 1.6 pg of 
estradiol phosphate in 20 pl of sterile saline solution 
was injected via a 30-gauge needle into the amniotic 
sacs of each of the fetuses on one side. The fetuses in 
the contralateral uterine horn received 20 pl of sterile 
saline solution alone: The maternal abdomen was 
closed and the rabbit allowed to recover. Each rabbit 


Volume 151 
Number 4 


8-Adrenergic binding in preterm fetal lung 515 


Time Course to Equilibrium 
DHA/Fetal Rabbit Lung 











— 06 R 
Z : _ 16 
= 0/9 Ss 
= O ği F 2 o 
E 04 r > ; 4 
aAa o 9 £ 
4 H 4 O 
mt O02 m o 
a 0! o 0 240 480 
l Time (sec.} 
Á 245 480 T 
Time (sec.) 
Off-Rate Experiment 
DHA/Fetal Rabbit Lung 
O aoe 
(B) plo o ky7 25x10 sec i 
o = o 7 =0,9344 
„œ 100 = 
> 
E BOF (00 z 
‘a O a 
= O60) rs 
0 0 © O 
40 
0o 240 480 
Time (sec.) . 
0540 480 
Time (sec.} 


Fig. 1. A, Time course to equilibrium for specific dihydroalprenolo! binding. The inset shows the 
pseudo—first-order kinetic plot of dihydronalprenolol binding. SB, represents the concentration of 
specific bound dihydroalprenolol at time t; SB. the concentration of dihydroalprenolo] specifically 
bound at equilibrium. The slope of the line defined by the equation In[SB,,/(SB,, ~ SB] = Ka 1s 
7.9 x 107° sec™'. From the relationship K, = (Kas — K»)/[DHA], where K, is the first-order rate 
constant for reversal (2.652 x 107% sec”; see Fig. 1, B), K, = 5.1361 x 107 nmol/L™! sec™'. Parallel 
experiments (not shown) demonstrated that the dihydroalprenolol-binding site complex was stable 
for more than | hour. B, The reversal of dihydroalprenolol binding. After dihydroalprenolol binding 
reached equilibrium, nonlabeled alprenolol was added to a concentration of 10 mol/L (time zero). 
The inset shows the first-order reversal of the dihydroalprenolol-binding site complex; the line is 
determined by the equation — 1n(SB,/SB,,) = Ket. From these data, K, = 2.65 x 107° sec™' and 
t% = 377 seconds. 


was put to death on day 28 of gestation and the fetuses 
delivered by hysterotomy. A total of 43 fetuses were 
used; for each litter, the lungs of the fetuses receiv- 
ing estrogen were pooled, as were those of the con- 
trol fetuses. There were two stillbirths in this study 
series and none of the animals delivered fetuses pre- 
maturely. 

Preparation of lung tissue. The fetal lungs were re- 
moved intact, weighed, and placed immediately into 
ice-cold Tris buffer (50 mmol/L, pH 7.4). The lung 
tissue was homogenized for three 15-second intervals 


at 0° C on a Brinkman Polytron homogenizer at one 
half speed. Thirty-second cooling periods separated 
each homogenization. 

The homogenate was centrifuged at 315 x g for 12 
minutes in a Beckman RC-58 refrigerated centrifuge 
at 0° C to remove cellular debris. The supernatant was 
centrifuged at 11,400 x g for 15 minutes, and the 
membrane pellet was then resuspended in 1 ml of Tris 
buffer, 50 mmol/L (pH 7.4). The specimens were flash 
frozen and stored in liquid nitrogen and assayed within 
I week. Protein concentration was determined by the 
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Fig. 2. A, Direct plot of specific dihydroalprenolol binding. B, 


Scatchard analysis of dihydroalprenolol binding to rabbit lung - 


membrane fraction (1.0 mg/ml of protein concentration). 


method of Bradford,‘ with bovine serum albumin used 
as the standard. 

Dihydroalprenolol binding assay. Dihydroalpreno- 
lol was diluted in Tris buffer, 50 mmol/L (pH 7.4). 
Nonlabeled alprenolol at a concentration of 1000 x the 
dissociation constant (Kp) was used to define nonspe- 
cific binding. The assay and all binding were performed 
in a total volume of 0.25 ml, consisting of 1.25 to 25 
nmol of dihydroalprenolol, 0.25 mg of membrane pro- 
tein, and 0.1 mmol/L of hydrochloric acid bv itself or 
with added adrenergic agents. Incubation was for 15 
minutes at 30° C and was terminated by the addition 
of 5 ml of ice-cold Tris buffer, 50 mmol/L. The samples 
were then immediately filtered over Whatman GF/C 
filters under vacuum. The tubes were rinsed with 5 ml 
of wash buffer, and the filters were then washed with 
an additional 5 ml of wash buffer. The filters were dried 
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under increased vacuum and then counted in Biofluor 
(New England Nuclear) scintillation fluid ina Beckman 
LS-8000 automatic scintillation counter. Specific bind- 
ing was determined by subtracting radioactivity bound 
in the presence of 10 pmol/L of alprenolol, a concen- 
tration of approximately 1000 x the Kp of dihydroal- 
prenolol in this tissue, from that bound in the presence. 
of dihydroalprenolo] alone. Specific binding consti- 
tuted 50% to 60% of total radioactivity bound and was 
a linear function of added membrane protein across 
the concentration range used in this study. Kp and the 
number of dihydroalprenolol-binding sites were cal- 
culated by means of Scatchard plotting and linear 
regression analysis. 


Results 

Dihydroalprenolol binding to fetal rabbit lung 
membrane fraction. A series of experiments were per- 
formed in order to verify that dihydroalprenolol bind- 
ing was consistent with B-adrenergic—receptor activity. 
Dihydrcalprenolol binding should be rapid, reversible, 
and saturable, and adrenergic competitors shouJd 
show a rank order of potencies parallel to their phar- 
macologic potencies and compete for binding stereo- 
selectively, with (—)isomers much more potent than 
(+)isomers. 

The kinetics of dihydroalprenolol binding are illus- 
trated in Fig. 1, A and B. Equilibrium was reached by 
8 minutes and remained stable in excess of 1 hour. The 
addition of 10 pmol/L of alprenolol (Fig. 1, B) dem- 
onstrates the reversibility of dihydroalprenolol binding, 
with a half-time (t2) of approximately 240 seconds. 
The dissociation of specifically bound dihydroalpren- 
olol followed first-order kinetics, with a rate constant 
of reversal (K) of 2.5120 x 107* sec™'. The forward 
rate constant (K,), determined from the relationship 
K, = (Kos — K./[DHA]), where Kos = observed rate 
constant and DHA = dihydroalprenolol, was 5.1361 x 
10-74 nmol/L~' sec', yielding a kinetically derived es- 
timate of the Kp for dihydroalprenolol binding (Kp = 
K./K,) of 4.89 nmol/L. 

Equilibrium studies across a range of dihydroalpren- 
olol concentrations show that specific binding is sat- 
urable (Fig. 2, A), with 163 + 12 fmol (mean + SEM) 
bound per milligram of protein in lung tissue from fetal. 
control rabbits. Scatchard analysis (Fig. 2, B) indicated 
that this binding is to a single class of receptors. The 
mean value of Ky, from these experiments was 
4.35 + 0.82 nmol/L, in good agreement with the ki- 
netically derived value. 

The results of competitive binding experiments are 
shown in Fig. 3, A to D. For isoproterenol, propranolol, 
and norepinephrine (Fig. 3, A to C), the (— )stereoiso- 
mers were far more potent than the (+ )stereoisomers. 
The biologically inactive (+ )isomer of norepinephrine 
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Fig. 3. A to C, Competitive binding assays showing the comparison between the (+ )stereoisomers 
and (—)stereoisomers of isoproterenol, propranolol, and norepinephrine. The (+ )isomers of iso- 
proterenol and norepinephrine failed to compete at the highest concentration tested (100 pmol/L. 
D, Rank order of potency for the (—)isomers of isoproterenol, norepinephrine, and epinephrine. 
The concentration of dihydroalprenolol was 9 nmol/L. | 


failed to compete with dihydroalprenolol at the highest 
concentration tested (0.1 mmol/L). Fig. 3, D, shows that 
the relative rank order of competitive potencies was 
(—)-isoproterenol >> (—)-norepinephrine = (—)-epi- 
nephrine. This sequence parallels the order of potency 
of the pharmacologic effect of these three drugs on the 
B,-subpopulation of adrenergic receptors. 

Effect of estrogen on dihydroalprenolol binding. As 
shown in Fig. 4, estrogen treatment led to a significant 
elevation of B-adrenergic—receptor sites in preterm fe- 
tal rabbits compared to those seen in untreated con- 
trols (216 + 24 versus 163 + 12 fmol/mg protein, 
mean + SEM, p < 0.02 by paired ¢ test}. A paired ¢ test 
was performed with the use of the pooled values of B- 
adrenergic—receptor site numbers for the estrogen- 
treated and control group of each of the six litters. 


Comment 

The present experiments demonstrate an increase in 
the number of fetal rabbit lung B-adrenergic—receptor 
sites under the influence of estrogen when compared 
to littermate controls. This result is consistent with our 
previous findings in the lung tissue of rabbits, after 
parturition.’ Given the known rise in endogenous es- 
trogen in the pregnant rabbit near term? and the well- 
documented impact of 6-adrenergic—receptor activity 


on fetal lung surfactant production,” * it appears likely — 
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Fig. 4. Results of the dihydroalprenolol-binding assay in the 
two treatment groups of preterm fetal rabbits. Comparisons 
of the differences in the mean values of B-adrenergic—recep- 
tor site numbers between the control and estrogen group were 
Statistically significant (p < 0.02 by paired t test). 
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Fig. 5.‘Diagram, expanded from Liggins,’* showing possible connections between fetal cortisol surge, 
subsequent increased estrogen and decreased progesterone, and both fetal lung maturation and 


preparation of the myometrium for labor. 


that estrogen plays a role in the maturation process of 
the prenatal rabbit lung. l 
Because we have not studied the absorption route of 
estrogen from the amniotic fluid, we do not know 
whether it reached the fetus by swallowing, by respi- 
ratory movements, or through the fetal skin. However, 
since we have proper controls with saline solution in- 
ejections in littermates the route of absorption is im- 
material to the significance of our results—-we know 
that the estrogen injected in the fetal compartments 
was the cause of the B-adrenergic lung maturation. Be- 
cause the assay for B-adrenergic receptors is performed 
on whole-lung homogenates the question whether this 
binding represents receptors in the lung parenchyma, 
in the tracheobronchial elements, and/or in the lung 
vasculature must be considered. Concurrent with these 
experiments we have evaluated the effect of estrogen 
on type II alveolar cell ultrastructure and lamellar body 
formation in the fetal rat by means of the electron 
microscope.° These studies clearly demonstrate that es- 
trogen exerts a positive effect on the time of the first 
appearance of lamellar bodies, their rate of prolifera- 
tion, and their release into the alveolar space. Other 
investigators have found similar results with the use of 
light microscopy in the fetal rabbit.” Since direct B- 
adrenergic stimulation is known to produce a similar 
acceleration of surfactant production, this argues in 
favor of a direct role for estrogen in the lung paren- 
chyma. However, other drugs and hormones, including 
the corticosteroids and aminophylline, stimulate B-ad- 
renergic—receptor formation in the fetal lung.?" Fur- 


ther work with the use of isolated type II alveolar cells 
in cell culture is needed to resolve these twin issues of 
which cell type is being stimulated and the chain of 
© events leading to its stimulation. The model proposed 
in Fig. 5, while not specific to the rabbit, is useful for 
depicting the effects of estrogen, progesterone, and the 
corticosteroids on both the pregnant uterus and the 
fetal lung, effects which may link the onset of labor 
contractility to the maturation of fetal lung surfactant. 
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Changes in the synthesis and metabolism of prostaglandins 
by human fetal membranes and decidua at labor 


Karolina A. Skinner, M.Sc., and John R. G. Challis, Ph.D., D.Sc. 


London, Ontario, Canada 


The production of prostaglandins by dispersed cells from human amnion, chorion, and decidua was 


examined at term before the onset of labor and at spontaneous vaginal delivery. In order to obtain detailed 


information about relative prostaglandin production rates, the time course of prostaglandin output was 
examined by incubating the cells for up to 4 hours and measuring the cumulative output of prostaglandin 
Ea prostaglandin Fa and 13,14-dihydro-15-keto-prostaglandin Fz In the incubation media. The output of all 
three prostaglandins was low in tissues obtained before the onset of labor. At labor there was an 
increased production of prostaglandins E, and F,, in amnion and a small increase in the output of 
prostaglandin E,, prostaglandin F,,, and 13,14-dihydro-15-keto-prostaglandin F,, in decidua. In contrast, 
chorionic cells obtained at spontaneous vaginal delivery showed high levels of 13,14-dihydro-15-keto- 
prostaglandin F,, in the media with no net production of prostaglandin E, or F,,. These data suggest a high 
rate of specific in vitro prostaglandin synthesis in amnion and decidua at labor, accompanied by a high. 
rate of prostaglandin metabolism in chorion. (AM J OBSTET GYNECOL 1985;151:519-23. ) 


Key words: Prostaglandin, amnion, chorion, decidua 


Several lines of evidence suggest a role for prosta- 
glandins in human parturition. Exogenous prostaglan- 
dins have been shown to induce labor,' and in monkeys 
the onset of pzrturition can be delayed by prostaglan- 
din synthesis inhibitors.’ Concentrations of prostaglan- 
dins in peripheral plasma,’ amniotic fluid, +8 and tissues’ 
increase at labor. 

The likely sources of these increased prostaglandins 
at parturition are the intrauterine tissues. Many re- 
searchers have reported that homogenates®® and whole 
cells'®'' from these tissues have the capacity to produce 
prostaglandins. This production has been reported to 
increase at labor by some authors, > while other 
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authors!® ' have found little or no increase. There are 
also conflicting reports about the relative amounts of 
the primary prostaglandins produced by these tis- 
sues. 10-12, 14 

Some of this conflict may be due to differences in 
the lengths of the incubation times used in these studies. 
Therefore we have performed detailed time-course ex- 
periments in order to examine the effects of labor on 
the type of prostaglandins produced by dispersed cells 
from human amnion, chorion, decidua, and placenta. 
Prostaglandin synthesis was studied at term before the 
onset of labor and at spontaneous delivery. The relative 
rates of production of prostaglandin E,, prostaglandin 
F,,, and 13,14-dihydro-15-keto-prostaglandin F}, from 
endogenous precursors were examined to determine 
the pattern of prostaglandin production for each tissue 
and to measure changes in the output of individual 
prostaglandins with time of incubation. 


Material and methods 


Subjects. Fetal membranes, with attached decidua 
and placenta, were obtained from women who were 
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Fig. 1."The net production (mean + SEM) of prostaglandin E», prostaglandin F,,, and 13,14-dihydro- 
15-keto prostaglandin F,,(PGFM) by dispersed cells of ai amnion obtained at cesarean section (CS) or 


at spontaneous vaginal delivery (SL). 


delivered spontaneously at term (n = 5) or from 
women undergoing elective cesarean section (n = 5) at 
term prior to the onset of labor. | 

Tissues. Tissues were obtained immediately after de- 
livery. The amnion was separated manually from the 
chorion, and the chorion and decidua were then gently 
separated with fine forceps. Each tissue was rinsed sev- 
* eral times in Dulbecco's phosphate-buffered saline (pH 
7.4) to remove clotted blood. 
` Cell dispersal. Cells were prepared by a modification 
of the collagenase method of Olson et al." The rinsed 
tissues were Cut into pieces (2 cm? for fetal membranes 
and decidua) and placed in separate 250 ml Erlenmeyer 
flasks. Freshly prepared collagenase (0.1%, Type I, 
Sigma Chemical Co.) and trypsin inhibitor (0.05%, 
Type I-S, Sigma Chemical Co.) in Dulbecco’s phos- 
phate-buffered saline (30 ml) were added to each flask, 
and the flasks were tightly stoppered. The tissues were 
agitated for 15 to 20 minutes at 37° C in a shaking 
water bath. The tissue pieces were then removed and 
reincubated in fresh collagenase/trypsin inhibitor so- 
lution for 1 to 2 hours, with vigorous shaking every 20 
to 25 minutes. The initial collagenase solution was dis- 
carded. Š 

When the cell suspensions appeared uniform, with 
no pieces of tissue remaining, the cells were collected 
by centrifugation (125 x g, 10 minutes). The cells were 
then washed with phosphate-buffered saline, centri- 
fuged (125 x g, 10 minutes), and resuspended i in 15 
ml of Eagle’s minimum essential medium (pH 7.4, Ea- 
gle’s minimum essential medium with glutamine, with- 


out sodium bicarbonate, Flow Laboratories). Cell via- 
bility was assessed using trypan blue exclusign staining, 
and the cells were counted with the aid of a hemacy- 
tometer. The cell suspensions were then diluted so that 
the concentration of viable cells was .2 x 10° per mil- 
liliter of minimum essential medium. | 

- Cell incubation. The cell suspensions (0.5 aN were 
added to polystyrene culture tubes (12 by 75 mm) con- 
taining 0.5 ml of minimum essential medium, giving a 
final cell concentration of 1 x 10° per milliliter. No 
exogenous substrates or cofactors were added. Cells 
were agitated gently in a shaking water bath at 37° C 
while incubating for various lengths of time under air. 
Incubations were terminated by freezing at — 70° C. 
All incubations were performed in duplicate. Both 
blanks (minimum essential medium without cells) and 
cells in minimum essential medium frozen at time zero 
were included in each experiment, and their values 
were subtracted from the experimental values to obtain 
the output of prostaglandins per 10° cells. Frozen cell 
suspensions were thawed, mixed well, and centrifuged 
(1000 x g, 10 minutes) prior to assay. 

Prostaglandin assays. Prostaglandin E, prostaglan- 
din Fz, and 13,14-dihydro-15-keto’ prostaglandin Fo 
were measured directly from the incubation media by 
radioimmunoassay, with the use of procedures previ- 
ously described.'® © The same amount of medium was 
included in the assay standard curve. Preliminary ex- 
periments indicated that assaying the media directly or 
acidifying and extracting the media for prostaglandins 
prior ‘to assay yielded the same results. 
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Fig. 2. The net production (mean + SEM) of prostaglandin E,, prostaglandin F,,, and 13,14-dihydro- 
15-keto prostaglandin F,, (PGFM) by ae cells of chorion obtained at cesarean section (CS) or 
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Results 


Cell viability. Cell viability after collagenase dispersal 
was 89% + 4% prior to incubation, and 77% + 8% af- 
ter 4 hours of incubation. It has been determined pre- 
viously that there is no difference in cell viability be- 
tween cells from tissues obtained at elective cesarean 
section and those obtained at spontaneous delivery.". 

Prostaglandin production. The production of pros- 
taglandins by amniotic cells was low before labor (Fig. 
1, CS). However, output of prostaglandin E, by amnion 
before labor wes nearly sevenfold higher than that 
of prostaglandin F,, after 4 hours of incubation 
(682 + 275 versus 80 + 49 pg/ml, mean + SEM, re- 
spectively). At labor, there was an increase in prosta- 
glandin E, output, with the concentration reaching 
1722 + 484 pg/ml after 4 hours of incubation. In ad- 
dition, there was a small increase in prostaglandin F,, 
concentrations, to 336 + 58 pg/ml after 4 hours. There 
was little production of 13,14-dihydro-15-keto-prosta- 
glandin F,, by amniotic cells before or at labor. 

Dispersed chorionic cells showed very low outputs of 
prostaglandin E, prostaglandin F,,, and 13,14-dihy- 
dro-15-keto-prostaglandin F,, before labor (Fig. 2). At 
labor, there was no increase in the net production of 
either prostaglandin E; or prostaglandin F;,, compared 
to the output before labor. _However, there was a 
marked increase in the concentration of 13,14-dihydro- 
15-keto-prostaglandin Fs in the incubation media for 
the first 2 hours, after which there was no further 
net production -of 13,14-dihydro-15-keto-prostaglan- 
din Faa. 


As in the amniotic and chorionic cell incubations, the 
output of prostaglandins by cells from decidua was low 
before labor (Fig. 3, CS). After 4 hours of incubation 
the media concentrations of prostaglandin E, were 
239 + 79 pg/ml, and prostaglandin F,, and 13,14-di- 
hydro-15-keto-prostaglandin F,, concentrations were 
341 + 102 and 169 + 29 pg/ml, respectively. 

At labor, production rates of all three prostaglandins 
increased, but the mean 4-hour output of prostaglan- 
din Fa was higher than of prostaglandin E, and 13,14- 
dihydro-15-keto-prostaglandin F,, (533 + 121 versus 
370 + 46 and 360 + 139 pg/ml). | 

' The ratios of the outputs of prostaglandin E, to pros- 

taglandin F,, by amnion, chorion, and decidua are 
shown in Table I. Amniotic cells produced sevenfold 
more prostaglandin E, than prostaglandin F», before 
labor and at spontaneous labor. The ratios of prosta- 
glandin E to F in the amnion were significantly higher 
(p < 0.05) than those of chorion or decidua, each of 
which had outputs of prostaglandin E, similar to those 
of prostaglandin F,.. 

It can also be seen in Table I that the ratio of pros- 
taglandin E, to prostaglandin F,, output was similar 
before and at labor in each tissue. ‘Therefore any 
changes in prostaglandin production which occurred 
at labor resulted in little change in the relative output 
of prostaglandins. E, and F,, by any tissue. 


Comment ' 


This study describes the relative rates of production 
of prostaglandin E,, prostaglandin F,,, and 13,14-di- 
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Fig. 3. “rhe net production en + SEM) of fesen Ep, prostaglandin F,,, and 13,14-dihydro- 
15-keto prostaglandin F,, (PGFM) by dispersed cells of decidua obtained at cesarean section (CS ) or 


at spontaneous vaginal delivery (SL). 


Table I. Ratio of net prostaglandin E, to 

- prostaglandin F,, output (mean + SEM) in 4 
hours of incubation by human amnion, 
chorion, and decidua cells 


Cesarean. section 











Spontaneous labor 





Cells | on Mean + SEM La Mean + SEM 
Amnion © 3 £64+£14* 5 59+ 17% 
Chorion 4 16+ 1.0° 3 12+ 0.1 
Decidua 5 0.7 + 0.09 5 0.7 + 0.1 


*Values are significantly different from values without sym- 
bols (P < 0.05) as determined by unpaired t test. 


hydro-15-keto-prostaglandin F» ‘from endogenous 
‘precursors, by intact dispersed cells from the fetal 
membranes and decidua. All three tissues produced 
prostaglandins during the 4-hour incubation period. 
The production rates of the primary prostaglandins 
were low in amnion, chorion, and decidua obtained at 
cesarean section. In amnion and decidua, the output 
of prostaglandins E, and F,,. was higher at spontaneous 
vaginal delivery. The net output of 13,14-dihydro-15- 
keto-prostaglandin F} did not decrease with labor in 
any tissue, suggesting that increases in synthesis, rather 
than decreases in metabolism, were responsible for the 
increased amount of prostaglandin F,, in incubation 
media of cells obtained at spontaneous labor. 

In amniotic cell incubations, the rate of appearance 
of prostaglandin F,, was much slower than that of pros- 


taglandin E,. This difference in output. was not due to. 


metabolism of the prostaglandin Fs. to 13,14-dihydro- 
15-keto-prostaglandin F,, (Fig. 1). Other authors have 
also shown low rates of prostaglandin F,, metabolism. 
in human amnion.” ” In an earlier paper,'' we reported 
elevated levels of 13,14-dihydro-15-keto-prostaglandin 
F,, in 6-hour amniotic cell incubations (cells obtained 
at cesarean section and after spontaneous labor), along 
with prostaglandin Fo concentrations that were slightly 
higher than those shown here. However, the highest 
output of 13,14-dihydro-15-keto-prostaglandin F,, was 
observed in the chorionic cell incubations in both stud- 


ies. It is possible that the differences in prostaglandin 


Fə production and metabolism between the present 
study and that of Olson et al." relate to minor changes 


in the cell dispersal procedure, the different lengths of 


the incubation periods in the two studies, and the small 
improvement in cell viability in the present study. With 
the present cell dispersal and incubation technique, 
prostaglandin E, is the main prostaglandin appearing 
in amnicn cell incubations as found by Mitchell et al." 

In contrast, the main’ product of arachidonic acid 
metabolism found i in the incubation media of chorion 
cells obtained at labor was 13,14-dihydro-15-keto-pros- 
taglandin Fə. The net production of prostaglandin E,, 
prostaglandin F,,, and 13,14-dihydro-15-keto-prosta- 
glandin Fə was low before labor, and the output of 
13,14-dihydro-15-keto-prostaglandin Fə alone in- 
creased at labor, with no elevation of prostaglandin E, 
or F,, levels. Therefore, it appears that any prosta- 
glandin F,, produced by the chorion cells in vitro was 
rapidly metabolized to. 13,14-dihydro-15-keto-prosta- 
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glandin F,,. This reflects the high metabolizing activity 
of human chorion reported previously in homoge- 
nates.’ 

Decidual tissue obtained at spontaneous delivery pro- 
duced higher amounts of prostaglandin F,, than of 
prostaglandin E, or 13,14-dihydro-15-keto-prostaglan- 
din F,,. Although the 4-hour output of 13,14-dihydro- 
15-keto-prostaglandin F,, by decidua cells was similar 
to the amount measured in chorion cell incubations, it 
was accompanied, in decidua cells, by a parallel output 
of prostaglandin F,,. It has been demonstrated previ- 
ously that circulating levels of 13,14-dihydro-15-keto- 
prostaglandin F,, increase at labor.” The relatively large 
amounts of prostaglandin F,, and 13,14-dihydro-15- 
keto-prostaglancin F,, produced by decidua cells at la- 
bor may be a major source of the elevated 13,14-di- 
hydro-15-keto-prostaglandin F,, in the peripheral 
plasma." 

The high levels of prostaglandins Es and F,, previ- 
ously reported in chorion obtained after spontaneous 
labor’! and the lower levels of 13,14-dihydro-15-keto- 
prostaglandin F,, measured in decidua cell incubations 
in that study may be due to the difference in the tech- 
nique used to separate the chorion and decidua. The 
“scraping” technique used in the earlier study may have 
resulted in a slightly different plane of separation of 
the two membranes with subsequent decidua cell con- 
tamination of the chorion cell incubations. 

The increases in prostaglandin production that we 
have shown at labor do not result in any significant 
changes in the ratio of prostaglandin E. to prostaglan- 
din F,, output in any tissue. Therefore, it does not 
appear that the increased prostaglandin production at 
labor is directed preferentially toward either prosta- 
glandin E; or Fə. Rather, the changes in prostaglandin 
output are such that the relative production of the two 
prostaglandins remains constant before labor and at 
spontaneous labor. 

The differences in synthetic and metabolic activities 
that we have found for the amnion, chorion, and de- 
cidua may be important in vivo. Casey and MacDonald" 
have suggested that the large amounts of prostaglandin 
E, produced in amnion are converted to prostaglandin 
Fə In decidua, thereby providing the prostaglandin 
which stimulates uterine activity. Our results suggest 
that if prostaglandin E, formed in amnion enters cho- 
rion cells, then the high 15-hydroxy-prostaglandin de- 
hydrogenase and 13,14-prostaglandin reductase activ- 
ities of chorion may impede transfer of prostaglandin 
E, to decidua unless the output of the primary pros- 
taglandin by amnion exceeds this metabolizing poten- 
tial. We might speculate that precursor arachidonic acid 
might also cross between the membranes and decidua. 
Our results have also shown that decidua itself has an 
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enhanced capacity for prostaglandin E, and Fa gen- 
eration from endogenous precursors at the time of 
labor. 
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Characteristics and analysis of uterine cieAromiyographic 


activity in the pregnant sheep — 


J. P. Figueroa, S. Mahan, E. R. Poore, and P. W. Nathanielsz 


Ithaca, New York 


Myometrial electromyographic activity was recorded with electrodes placed on the uterus in seven pregnant 
sheep. Electromyographic recordings were made continuously in two groups of animals, One group of 

four animals was studied for the first 8 days after operation at 60 to 132 days’ gestation. The second group 
of three animals was studied at least 8 days after operation. Myometrial electromyographic activity could 
be divided into epochs of varying duration. With the use of microprocessor-based data acquisition systems 
and computerized analysis it was demonstrated that (1) on the basis of an analysis of duration of 
electromyographic activity there were at least two populations of electromyographic epoch, (2) myometrial 
electromyographic activity increased in the first 3 to 4 days after operation, and (3) by 6 to 7 days after 
operation a relatively stable level of activity had been achieved. The separation of electromyographic activity 
into two populations was most marked in the animals observed in the immediate postsurgical period. In 
these animals the population of epochs with the longer-lasting activity had a median duration of 5.9 
minutes in eight pairs of electromyographic electrodes from four animals. Curve-fitting techniques 
demonstrated that no more than 14% of uterine electromyographic activity had a duration <3 minutes. The 
longer-lasting group of myometrial electromyographic events corresponds to uterine contractures we 

have described previously; the other group of epochs of activity was of shorter duration. (AM J OBSTET 


GYNECOL 1985;151:524-31.) 


Key words: Uterine electromyographic activity, pregnancy, myometrium 
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Myometrial activity throughout pregnancy has been 
described in several species including the sheep’* and 
monkey.** The characteristics of this activity, its ori- 
gin, the mechanisms responsible for its regulation, and 
the physiologic significance of the different types of 
* myometrial activity have recently received considerable 
attention.” '°!® Direct visual analysis of recordings 
of electromyographic activity in the pregnant sheep 
in late gestation demonstrated bursts of myometrial 
electromyographic activity lasting different lengths of 
time.?* 10 

Myometrial contractions such as those that occur at 
labor and delivery produce increases of intrauterine 
pressure that last about 1 minute. The electromyo- 
graphic activity associated with these contractions usu- 
ally lasts <1 minute. In addition to these short-lived 
bursts of activity, we have described epochs of myo- 
metrial electromyographic activity that last longer than 
4 minutes and are associated with low-amplitude in- 
creases in intrauterine pressure. The term “contrac- 
tures” has been used to distinguish these episodes from 
labor and delivery contractions.'* They have previously 
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been described on the basis of both intrauterine pres- 
sure changes’® and electromyography.’ Both of these 
indices of myometrial activity are important. However, 
electromyography probably provides a more direct in- 
dex of the drive to myometrial function, whereas in- 
trauterine pressure changes also reflect the mechanical 
properties of the supporting tissues of the uterus. 

Visual analysis of electromyographic records is an 
important first step to the experimental interpretation 
of changes in myometrial activity. However, simple vi- 
sual analysis may not provide adequate quantification 
of basal myometrial activity. In addition precise tech- 
niques are required to analyze qualitative alterations in 
contracture and contraction activity in response to dif- 
ferent situations. The frequency distribution of myo- 
metrial electromyographic epochs of varying duration 
in individual animals has not previously been deter- 
mined. The aims of the present study were (1) to de- 
velop a precise quantitative method for analysis of myo- 
metrial electromyographic epochs, (2) to observe the 
frequency distribution of electromyographic epochs of 
different duration in order to determine whether con- 
tractures constitute a distinct, homogeneous population | 
of events, and (3) to determine how the amount of 
myometrial activity changes in the immediate post- 
surgical period. 


Methods 


Care of animals. Three Rambouillet-Columbia and 
four Dorset ewes of known gestational age were used 
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in this study. Pairs of myometrial electromyographic 
electrodes were placed as described previously.” In ewes 
carrying a single fetus, the electromyographic elec- 
trodes were always placed on the pregnant horn. In 
addition, the uterus was incised for placement of fetal 
vascular catheters by means of techniques that we have 
described in detail.” * * The day of operation was con- 
sidered day zero. The four Dorset ewes were studied 
in the 8 days immediately after operation (group 1). 
The three Rambouillet-Columbia ewes were studied at 
least 8 days after operation (group 2). 

Recording of uterine electromyogram, digitization 

of signal, data storage, and calculation of total 

myometrial activity and frequency of bursts of 
different durations 

Data acquisition and storage. The uterine electromyo- 
gram was recorded from multistranded bipolar stain- 
less steel wires (Cooner AS 632) implanted 3 to 5 mm 
apart in the myometrium. They were placed on at least 
two sites of the myometrium as previously described.” 
As far as possible, the recording portion of the wire 
was sewn through all the muscular layers of the uterus. 
The electromyographic signal was amplified (200 pV 
full-scale deflection), band-pass filtered (3 to 20 Hz), 
full-wave rectified, and low-pass filtered (1 Hz) to create 
the envelope of the electromyographic bursts. Each 
variable was sampled 32 times per second with 8 bit 
accuracy or 0.4% of full-scale deflection and the read- 
ings accumulated. At 8-second intervals, the mean ac- 
tivity for each channel during that interval was com- 
puted from the accumulated values and transmitted, 
on a high-speed serial digital line, to an Apple II—based 
data collection and storage system in a central mon- 
itoring room. The integrated uterine electromyo- 
graphic activity is represented as units where one unit 
is 6.25 uV - sec. The signals integrated over 8 seconds 
were stored on a floppy disk together with a time signal. 
To provide immediate display, the uterine electromyo- 
graphic tracing was also recorded on a Beckman 711 
pen-recorder. This record of activity was also used to 
verify the computer-based calculations. The initial sam- 
pling frequency of 32 Hz prevents aliasing problems 
with changing signals, while the lower storage rate of 
one reading every 8 seconds creates a manageable vol- 
ume of data for subsequent analysis. 

Computer analysis of total myometrial electromyographic 
activity and duration of individual myometrial epochs. A com- 
puter program was written to analyze the myometrial 
electromyographic data. The initial problem was to 
define a signal/noise threshold. This was initially per- 
formed by eye since, as previously described by our- 
selves and others, the electromyographic signals pro- 
duced by contractures are clearly differentiated.** In 
the computerized analysis, a signal/noise threshold was 
defined by summing data points over a 2-hour period 
and calculating the mean. Then each new data point 
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was considered “real activity” if it exceeded this thresh- 
old. With each new point, the threshold was updated 
by adding this point to the sum, subtracting the point 
2 hours before, and recalculating the mean. This pro- 
cedure was repeated throughout the data. Movement 
of the mean used for calculating the signal threshold 
with the individual signal being evaluated allowed for 
changes in background activity. 

In a previous publication, a contracture was defined 
to be an epoch of continuous uterine electromyo- 
graphic activity that lasted at least 4 minutes and ex- 
ceeded the minimum threshold as determined from 
direct examination of the pen-recording.’® Our inten- 
tion in the present study was to obtain more precis® 
data on the frequency distribution of electromyo- 
graphic bursts of all lengths. A major problem in the 
analysis of the frequency distribution of different myo- 
metrial electromyographic epochs of different duration 
was to define the termination of an epoch. In our basic 
analysis, if the data feil below the signal/noise threshold 
(subthreshold) for longer than 16 seeonds, that partic- 
ular myometrial electromyographic epoch was consid- 
ered to have terminated. We have called the period of 
subthreshold electromyographic activity required to 
terminate an epoch, the delimiter. The output from the 
program consisted of time duration of each epoch, in- 
tegrated electromyographic activity during that epoch, 
and elapsed time of no activity between epochs. 

Curve-fitting procedures to determine the presence 
of different populations of electromyographic epochs 
of different durations. It was desired to derive equa- 


tions that would describe the frequency distribution of ° 


epochs of electromyographic activity of different du- 
rations. 

From an initial analysis of the data from sheep in 
group 1 it seemed that the observed data for the num- 
ber of epochs of different durations recorded ina given 
period could be represented by the linear sum of a 
Gaussian model for the longer-duration epochs and a 
decay model for the population of shorter-duration 
epochs. Data were separated in the following manner. 
The second peak in the data (the peak that occurred 
at t> 1 minute) was selected as the peak time of the 
Gaussian model. The assumption was made that the 
contribution by the decay model was insignificant at 
times equal to and greater than time of this second peak 
(T). With the use of the property of symmetry about 
the peak in Gaussian models, theoretical data for the 
model at times before the peak time (T) were 
obtained.” 

The data for the decay model were obtained by sub- 
tracting theoretical data generated by the Gaussian 
model from the original data at corresponding times. 

For the Gaussian model the following equation was 
used to derive L; at each value of t, greater than the 
peak of the Gaussian distribution’ ?8: 
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Fig. 1. Frequency distribution of myometrial electromyographic epochs of different durations are 
shown in four animals during 0 to 7 days (the first 8 days) after operation. Day of operation = day 
0 (group 1). The effect of changing the delimiter, the required duration of electromyographic 
quiescence to terminate an epoch for the purposes of calculating the frequency distribution of 
different lengths of electromyographic epochs, is also shown. Various delimiters were used: 16 
seconds of quiescence (©), 24 seconds of quiescence (A), 32 seconds of quiescence (0), 40 seconds 
of quiescence (0). Sheep numbers correspond to the numbers in Table I. The line is the best-fit line 


calculated for the 16-second delimiter. 


1(=G-T) : 
1 2) (1) 


log are 


where Y, = frequency of epochs in each time interval 
(i), A = frequency of epochs at peak of the Gaussian 
~ curve, T = duration of epochs at peak of the Gaussian 
‘distribution (length of most frequent epoch), and 
t = time interval corresponding to Y;. | 


When all L, values were obtained, L (which estimates 
the width of the distribution curve) was calculated to 
predict the values at any t; with the following equation: 


zt- 
2L 
where G; is the predicted frequency of epochs at each t. 


G, = Ate (2) 


Theoreticel values from the Gaussian model were sub- 
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Number 4 


Table I. Values obtained from the decay and Gaussian curve-fitting equations 





Electromyographic 
electrode 





Sheep | i l 
I 266 422 168 0.43 5 PH1 t 
2 215 246 150 1.85 4 PH2 t 
Sheep 2 
] 19] 303 76 2.17 7 PH s 
2 163 278 66 SAS 7 Body S 
Sheep 3 
l 527 739 99 1.02 6 PH S 
2 524 815 68 1:22 7 PH S 
Sheep 4 
] 227 351 110 0.72 6 Body s 
2 267 331 109 1.14 5 Body S 


The composite myometrial electromyographic data from two pairs of electrodes on each pregnant ewe were analyzed for the 
first 8 days after operation. PH = Pregnant horn. B is the rate of decay of the exponential model fitted to the epochs of shorter 
duration; C is the theoretical frequency of short-duration epochs at time 0; A is the frequency of longer-duration epochs at the 


peak of the Gaussian curve; L is an estimate of the width of the Gaussian curve; T is the time at the peak of the Gaussian curve. 


s = Single fetus; t = twins. 


tracted from real data at each t; and the remaining ac- 
tivity at each t; fitted to the decay model. 
The equation for the decay model is of the form: 


D, = —B- log. + C (3) 


where B is the decay rate and C is the frequency of 
epochs at t = 0. 

The linear sum of equations 2 and 3 was used to predict 
the frequency of epochs at any time t; under the as- 
sumption that at t; greater than T the contribution of 
the decay model is negligible and takes the form: | 


F, = G + D; 


where F; = theoretical number of epochs at time t. 

Statistical analysis. Analysis of variance or the one- 
tailed Student’s ¢ test with the Bonferroni transfor- 
mation for multiple comparisons was used for all anal- 
yses.'* Whenever multiple comparisons between means 
were performed, the Bonferonni transformation was 
used unless otherwise indicated. 


Results 


Outcome of experimental preparations. Four of the 
seven ewes delivered: live fetuses at term. The remain- 
ing three pregnancies were used for alternative exper- 
iments after completion of the electromyographic re- 
cordings. Fetal slood gas values were within the normal 
range" at the conclusion of uterine electromyographic 
recording. Three ewes were carrying twin lambs and 
four ewes had single fetuses. 

Effect of altering definition of the delimiter that 
terminates an epoch. The use of a 16-second period 
of electromyographic activity below the calculated 2- 
hour mean threshold as the delimiter of activity was an 
arbitrary definition. It was chosen as a result of scan- 
ning many hundreds of hours of myometrial -electro- 


myographic activity obtained from more than 30 preg- 
nant sheep at various stages of pregnancy during the 
last 90 days of gestation. It was possible that some of 
the electromyographic epochs contained, within them- 
selves, short periods of subthreshold electromyo- 
graphic activity and hence distorted the analysis. If this 
were true, lengthening the period of subthreshold ac- 
tivity necessary to qualify as the delimiter of an epoch 
should decrease the total number of epochs, especially 
those of shorter duration. To investigate this possibility 
we analyzed the effect of increasing the duration of the 
delimiter. We wished to see whether changing the du- 
ration of the delimiter would alter the frequency dis- 
tribution of different lengths of electromyographic ep- 
ochs (Fig. 1). It can be seen that there was very little 
change in the number of epochs with a duration longer 
than 3 minutes when the delimiter was increased from 
16 to 40 seconds. As would be expected there was a 
drop in the shorter-lived epochs as these were merged 
together by this form of analysis. In view of the small 
effect observed of changing the delimiter from 16 sec- 
onds to as much as 40 seconds cn the occurrence of 
the longer-duration “contracture” events, we accepted 
the initial visual observation that a 16-second delimiter 
was adequate as the delimiter of an electromyographic 
epoch. 

Curve fitting to demonstrate different populations 
of different epoch durations. The composite frequency 
distribution curves for epochs of continuous myome- 
trial activity of different durations over the full 8 days 
in each animal in group | are shown for all four animals 
in Fig. 1. This figure shows both the raw data and the 
theoretical curve for one pair of electromyographic 
electrodes from each animal. The curve-fitting regimen 
used attempts to separate the epochs of myometrial 
activity into two populations of events in each ewe. The 
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Fig. 2. Distribution of epochs of different durations (delimiter 
of 16 seconds) in three animals at 114 to 140 days’ gestational 
age and at least 8 days after operation in one 24-hour period. 
The composite figure for the mean + SD for the three animals 
is also shown. 


e values for the unknowns in the equation described in 
the Methods section are given in Table I. It can be seen 
that the correlation in the two leads in the same animal 
was good for all four animals. In addition, parameters 
in the equation for the one twin pregnancy did not 
differ from those of the three ewes carrying a single 
fetus. 

Frequency distribution curves for epochs of contin- 
uous myometrial activity of different durations in three 
pregnancies over one full 24-hour period at 114 to 140 
days’ gestation and at least 8 days .after operation 
(group 2) are shown in Fig. 2. When compared with 
electromyography in the animals studied during .the 
first 8 days after operation and represented in Fig. 1, 
uterine electromyography in animals studied at least 8 
days after operation showed little activity in the epochs 
of short duration. . 

. Integrated myometrial activity. Fig. 3 compares the 
total amount of electromyographic. activity that oc- 
curred in the electromyographic epochs of different 
durations. In the four sheep in the immediate pòst- 
operative period, it can be seen that 25% of the activity 
existed in epochs lasting <3 minutes and 31% in epochs 
lasting <4 minutes. In the three animals studied at cast 
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Integrated myometrial EMG activity- % of total 
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EMG burst duration [min] 


Fig. 3. Percentage of total activity (mean + SD) in each I- 
minute group of myometrial electromyographic burst dura- 
tion in four sheep during the first 8 se aii operation at 
60 to 132 days’ gestation, group | (@- - - @) and in three preg- 
nant ewes at least 8 days after operation at 114 to 140 days 
of gestation, group 2 eaten 


8 days after operation, even less of the activity (14%) 
occurred in epochs lasting <3 minutes and 17% in 
epochs lasting <4 minutes. These small amounts of 
activity of short-duration epochs support our previous 
definition in the sheep of 2 contracture as an epoch of 
uterine electromyographic activity lasting at least 4 min- 
utes.’ With the use of analysis of variance in both pop- 
ulations it can be shown that the distribution of activity 
of different durations is not a uniform distribution 
(p = 0.0091). Furthermore, in both of these groups a 
Gaussian distribution can be fitted to the data with 
peaks at 5 and 6 minutes. The total amount of electro- 
myographic activity changed in the postsurgical period 
(Fig. 4). Comparison of the two groups of animals dem- 
onstrates that there was relatively more short-lived ac- 
tivity in group ‘1 animals studied in the early days after 
operation, measured as the percentage of total electro- 
myographic activity (Fig. 3) (7.5 + 4.2 for events last- 
ing <] minute and 7.0 + 2.5 for events lasting <2 
minutes), than in the animals in group 2 that were 
studied at least 8 days after operation (1.6 + 0.8 for 
events lasting <] minute, p < 0.001, and 2.6 + 1.5 for 
events lasting <2 minutes, p < 0.001, Student’s ¢ test 
for nonpaired ebectvauons). 
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Integrated uterine electromyographic, activity re- 
corded in 10 pairs of electrodes in the four animals 
studied in the immediate postoperative period (group 
1) is shown in Fig. 4. All myometrial electromyographic 
activity above baseline and lasting >3 minutes was 
summed for two 12-hour periods each day, midnight 
to noon and noon to midnight. Activity over 12-hour 
periods in each pair of electrodes was normalized. so 
that maximal aciivity in any 12-hour period was 100% 
regardless of the day on which that maximum activity 
occurred. The present form of analysis is inappropriate 
for the study of circadian rhythmicity for two reasons. 
First, an underlying circadian rhythm may have. been 
masked by an evolving change in myometrial activity 
over the days immediately after operation. Future ex- 
periments to determine whether circadian rhythmicity 
is present will require observation of animals after the 
onset of the stable phase of electromyographic activity 
shown in Fig. 4. that is, at least 8 days after operation. 
Second, it will be necessary to sum periods of activity 
more frequently than every 12 hours. Analysis of var- 
lance and multiple comparisons of the data shown in 
Fig. 4 demonstrated several statistically significant fea- 
tures of the integrated myometrial activity in the 8 days 
after operation. Electromyographic activity increased 
after operation and by 48 to 60 hours it was higher 
than in the period 12 to 24 hours after operation 
(p < 0.05). All values thereafter were statistically higher 
than in the first recording period immediately after 
operation (p < 0.05). The fall from day 5 to the low 
values on days 6 to 8 was not statistically significant 
when the Bonferroni transformation was applied. 
However, with a simple one-tailed ¢ test the differ- 
ence was significant, p < 0.01. Integrated electromyo- 
graphic activity seemed to have stabilized by day 6 after 
operation. 


Comment 


Myometrial contractions during labor and delivery 
have been intensively investigated in an attempt to un- 
derstand the’ mechanism of parturition. The demon- 
stration of a different form of myometrial activity, con- 
tractures, over a major portion of gestation has raised 
at least three major questions. First, what factors initiate 


and regulate contractures? Second, what is the rela- 


tionship of contractures to contractions? Are they the 
same entity but of different duration, or does one give 
way to the other? Third, what is the relationship be- 
tween contractures and the related changes in fetal 


behavioral state? * '' 1216 A precise answer to these’ 


questions requires a firm quantitative description of 
myometrial activity based on long-term in vivo record- 
ing. Any useful analysis should provide a few concise 
terms to describe the pattern of electromyographic ac- 
tivity so that meaningful and statistically acceptable 
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Fig. 4. Integrated myometrial activity contained in epochs last- 
ing at least 3 minutes. Data from four pregnant ewes recorded 
at 60 to 128 days’ gestation. Day of operation is day 0. 
MN = Midnight. Data were obtained from 10 pairs of elec- 
tromyographic electrodes at various sites on the uterus, in- 
cluding the body and the horns, in the four animals and are 
plotted as mean + SD. Data collection began at midnight on 
the night after operation. Activity in each lead was integrated 


during the 12-hour periods midnight to noon and noon to ®* 


midnight. Activity during 12-hour periods in each lead was 
normalized so that maximal activity in any 12-hour period was 
100% regardless of the day on which that maximum activity 
occurred. Points marked with an asterisk are significantly dif- 
ferent from the immediate postoperative value (A) by Stu- 
dent’s ¢ test with Bonferroni transformation for multiple com- 
parison. 


comparisons between different electromyographic re- 
cordings can be made. If possible, these terms should 
be insensitive to the absolute amplitude of the electro- 
myographic signal and other variables that depend on 
electrode characteristics. 

We and other investigators have previously divided 
myometrial electrornyographic epochs into arbitrary 
groups of differing durations.*° The present method 
of analysis is an extension of this form of discontinuous 
categorization. It has demonstrated that there is a con- 
tinuous spectrum of duration of different epochs and 
that these events can be divided mathematically into 
two populations. The epochs of longer duration cor- 
respond to the events previously referred to as con- 
tractures. In the absence of intrauterine pressure re- 
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cordings we are unable to comment on the relationship 
of the shorter-duration epochs to labor and delivery 
contractions. In other studies in which we have re- 
corded intrauterine pressure many days prior to labor 
and delivery, intrauterine pressure changes resembling 
labor and delivery contractions were not observed. It 


may be that the short-lived epochs cannot produce la- ' 


bor and delivery—type intrauterine pressure changes 
because of the absence of the correct hormonal milieu 
at this time. 


Knowledge of the frequency distribution of the dif- 


ferent myometrial epochs helps to answer related 
questions: Are contractures really a discrete form of 
myometrial activity? What are their significant char- 
acteristics? If they are a discrete population, what are 
the time characteristics that define a contracture? The 
curve-splitting technique used allows us to make some 
comment as to valid criteria for choosing different ep- 
och durations. Such definition is required to analyze 
the effect of different agents and perturbations (for 
instance, operatiop and various drugs). On the basis of 
our present analysis we would be prepared to define 
contractures as periods of continuous myometrial elec- 
tromyographic activity lasting at least 3 minutes that do 
not contain more than 16 seconds of subthreshold 
activity. l 

In experiments relating to myometrial or fetal phys- 
iologic characteristics in the chronically instrumented 
pregnant sheep, the uterus is generally incised in one 
or more locations. The sequence of changes in maternal 
and fetal physiologic condition in the immediate post- 
operative period has been studied in relation to several 
different systems. Considerable attention has been fo- 
‘cused on the time interval after operation that is. nec: 
essary to attain postoperative stability of different sys- 
tems. In order to elucidate the possible postoperative 
effects of endocrine and other systems on myometrial 
electromyographic activity it is necessary to describe 
both the amount and the pattern of postoperative ac- 
~ tivity. 

It has been demonstrated that maternal prostaglan- 
din concentrations are elevated after operation.” A role 
for prostaglandins in the control of contractures is fur- 
ther supported by our observation that both antipyrine 
(unpublished data) and 4-aminoantipyrine adminis- 
tered to either the pregnant ewe or her fetus will di- 
minish the frequency and total amount of contracture 
activity. The doses of these agents that affected con- 
tractures also lowered maternal 13, 14-dihydro-15- -keto 
prostaglandin F,, metabolite concentrations.” Thus 
prostaglandins appear to play a role in the control of 
contractures. The related question as to’ the hormonal 
or neuronal mechanisnis responsible for the termina- 
tion of a contracture remains to be elucidated. 

‘The postoperative increase in total integrated myo- 


~ 
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metrial activity of >3 minutes’ duration observed in the 
present study requires consideration. As discussed 
above it is possible that after operation. the dominant 
drive to the uterus may produce more short-lived cen- 
traction—type activity. Alternatively, after operation 
there may be'a gradual increase in some stimulatory 
factor during the first few days resulting in a gradual 
increase and eventual stabilization of activity at an 
elevated level, which may be above that in the nonin- 
strumented animal. Another possibility is that opera- 
tion may stimulate a net inhibitory effect on contrac- 
tures with an initial decrease in myometrial activity be- 
low the preoperative uninstrumented level. Further 
experiments, such as repeat operations on animals al- 
ready bearing uterine electromyographic electrodes, 
will be required to answer these questions. Delineation 
of other factors such as diurnal rhythmicity and subtle 
relationships of fetal activity to contractures will require 
long-term study with data acquisition and analytical sys- 
tems such as described here. 


We would like to thank Kathryn Fontwit, Angela 
Massman, and Robert Johnson for their assistance with 
these experiments. 
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Fetal breathing movements and lung hypoplasia: Preliminary 


human observations 


Harold E. Fox, M.D., and Adrien C., Moessinger, M.D. 


New York, New York 


Hypoplasia of the fetal lung is found in association with long-standing oligohydramnios. In animal models, 
interference with jetal breathing activity has led to lung hypoplasia. It has been suggested that lung 
hypoplasia associated with oligohydramnios is due to inhibition of fetal breathing. Observations of seven 
patients with prolonged oligohydramnios, three of whom had lung hypoplasia, indicate that fetal breathing 
does occur in these cases and that it is unlikely that lung hypoplasia is merely the result of absent fetal 
breathing activity. In fact, when compared to the four patients with oligohydramnios and presumably 
normal lungs, the three patients with oligohydramnios and lung hypoplasia spent more time breathing and 


did so at higher rates. (AM J OBSTET GYNECOL 1985;151:531-3.) 


Key words: Fetus, amniotic fluid, fetal breathing, oligohydramnios, lung hypoplasia 


Hypoplasia of the fetal lungs is found in association 
with long-standing oligohydramnios. Potter’ first re- 
ported on a series of babies with renal agenesis and 
noted that lung hypoplasia was a constant feature. It 
was later recognized that the same phenotype, includ- 
ing lung hypoplasia, could be seen in newborn infants 
with posterior urethral valves, in the donors of severe 
and chronic twin-to-twin transfusion, or simply follow- 
ing prolonged leakage of amniotic fluid.** In all of these 
cases, oligohydramnios was present for an extended 
period of time. Nimrod et al.’ have recently reported 
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a 9% incidence of lung hypoplasia following very pro- 
longed rupture of the membranes. Experimental pro- 
duction of oligohydramnios has led to lung hypoplasia 
in several animal species.*° 

The pathogenesis of the pulmonary hypoplasia as- 
sociated with oligohydramnios is unclear. It has been 
speculated that hypoplasia of the lungs in this situation 
is the result of fetal compression (either thoracic or 
abdominal) leading to reduced space available for lung 
growth.” '®* = More specifically, it has been proposed 
that oligohydramnios could enhance the outflow of fe- 
tal lung liquid and thus interfere with lung expansion 
in utero.'''® Both experimental tracheal ligation and 
drainage of fetal lung liquid, by resulting, respectively, 
in hyperplasia and hypoplasia of the lung, support the 
concept that lung expansion in utero is an important 
determinant of fetal lung growth.” 

Fetal breathing movements, by intermittently raising 
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Table I. Clinical findings in three cases of lung hypoplasia 











Membrane status 
(gestational age 
at rupture) 


Gestational age 
(at study session) 
(wk) 






010 28-34 Intact 
(5 studies) 
012 37 Intact 


020 27 l 24 wk 


Respiratory failure, 
death <24 hr 


Respiratory failure, 
death <24 hr 


Respiratory failure, 
death <24 hr 
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Autopsy findings 





Renal agenesis 

Lung hypoplasta* 

Amnion nodosum of placenta 

Permit not granted on religious grounds 
Polycystic kidneys with lung hypoplasia* 
Placenta not available - 

Lung hypaplasia* 

Hyaline membrane disease 

Amnion nodosum of placenta 


*The diagnosis of lung hypoplasia was based on (1) lung weight <2 SD below the norm for Gase 010; (2) clinical course and 
known pattern of associated malformations for Case 012; (3) biochemical (DNA) and histologic criteria for Case 020 (refer- 


ence 9). 


Table II. Fetal breathing activity: Infants with oligohydramnios versus control infants 










Oligohydramngos =3 wk (n = 7) 
Control (n = 7) 


Proportion of time 
spent breathing 
(mean + SD) 


0.09 + 0.10 
0.14 + 0.14 






Rate of breathing, 
breaths/min 
(mean + SD) 





0.246 27.5 + 15.1 0.184 
$4.3 + 11.9 


Table III. Fetal breathing activity following oligohydramnios: Comparison of fetuses with or without 


Rate of breathing, 


breaths/min 
(mean + SD) 





lung hypoplasia 
Proportion of time 
_ spent breathing 
(mean + SD) 
Oligohydramnios and lung 0.18 + 0.10 
hypoplasia (n = 3) » 
Oligohydramnios and normal 0.02 + 0.01 


lungs (n = 4) 


airway distending pressure, have been held responsible 
for contributing to normal fetal lung growth. Experi- 
mental division of the neural pathways supplying the 
respiratory system (bilateral phrenectomy or cervical 
cord section) and fetal paralysis (induced with curare) 
have led to lung hypoplasia.'*"” Both Gruenwald” and 
Wigglesworth’? have postulated that failure of lung 
growth in association with oligohydramnios could be 
due to inhibition of breathing movements. 

The purpose of this report is to present an analysis 
of fetal breathing movements in seven patients with 
oligohydramnios resulting in lung hypoplasia in three 
of the seven cases. 


Patients and methods 


Seven patients with prolonged oligohydramnios (two 
with intact membranes and renal anomalies, five with 
prolonged spontaneous rupture of the membranes for 
23 weeks) were studied in a total of 14 1-hour sessions 
at gestational ages ranging from 27 to 38 weeks. Session 
by’ session, a gestational age-matched control subject 
with intact membranes and normal amniotic fluid vol- 
ume was identified and observed in an identical fashion. 


0.014 36.5 + 10.2 0.011 


16.0 + 6.4 


Fetal breathing activity was recorded by longitudinal 
fetal axis linear-array B-mode sonography as previ- 
ously described,” and analyses of the proportion of 
observation time spent in fetal breathing activity and 
of breathing rate during breathing intervals (breaths 
per minute) were carried out. All sessions occurred at 
the same time of the day and approximately 2 hours 
after a meal of about 350 kcal. No patient smoked 
within 4 hours of the recording session, and none had 
evidence of hypertension, abnormal carbohydrate me- 
tabolism, or clinical amnionitis. Oligohydramnios was 
defined by ultrasound assessment at each study session 
and was confirmed at the time of delivery. 

Of the seven cases of oligohydramnios, four infants 
died in the early neonatal period. Three of those were 
considered to have lung hypoplasia and their clinical 
findings are summarized in Table I. At autopsy the 
lungs of the infant in the fourth case weighed less than 
expected for gestational age and body weight but did 
not meet the criteria for the diagnosis of lung hypo- 
plasia."’ Placental tissue was available in four of the 
seven cases (one infant was delivered at another insti- 
tution) for a retrospective evaluation of the amnion by 
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light microscopy. Amnion nodosum, a lesion thought 
to be pathognomonic of prolonged oligohydramnios, 
was seen in three of the four placentas available for 
study.” 

We recorded 14 study sessions in seven patients with 
oligohydramnios and 14 sessions in gestational age— 
matched control subjects. When a patient was studied 
more than once, only the mean value of the results was 
used for comparison. We compared the incidence and 
the rate of fetal breathing movements in the seven pa- 
tients with prolonged oligohydramnios and in their 
matched control subjects by paired sample analysis. We 
also compared the same parameters in two subsets of 
the oligohydramnios group by the two-sample t test, 
that is, the three patients with lung hypoplasia were 
compared to the four patients without lung hypoplasia. 


Results 


Fetal breathing activity was present in all seven cases 
of prolonged oligohydramnios. When compared to the 
matched control fetuses with normal amniotic fluid vol- 
ume, the fetuses with oligohydramnios, taken as a 
group, tended to spend less time breathing and did so 
at lower rates. These apparent differences in the means 
of results did not however reach a level of statistical 


significance (see Table II). When compared to fetuses - 


with oligohydramnios but normal lung growth, fetuses 
with oligohydramnios and lung hypoplasia (at the time 
of delivery) spent significantly more time breathing and 
did so at significantly higher rates (see Table IHI). 


Comment 


All seven fetuses with prolonged oligohydramnios 
studied by linear-array B-mode sonography did show 
evidence of fetal breathing activity. Neither the inci- 
dence nor the rate of fetal breathing differed between 
these patients and their matched control subjects with 
normal amniotic fluid volume. Our recent experience 
with an animal model of amniotic fluid drainage led to 
similar findings. We found no difference in the inci- 
dence of fetal breathing movements in fetal lambs when 
comparing a 24-hour period preceding and a same pe- 
riod immediately following amniotic fluid drainage.’ 
We conclude that it is unlikely that the lung hypoplasia 
seen with oligohydramnios is merely the result of the 
absence of fetal breathing movements. Whether other 
characteristics of fetal breathing, such as the transient 
alterations in tung volume,” are modified by oligo- 
hydramnios-is unknown at this point. 

The observation that fetuses with both oligohydram- 
nios and lung hypoplasia, when compared to fetuses 
with oligohydramnios and normal lungs, actually spent 
more time breathing and did so at higher rates was 
unexpected and is challenging. Whether this phenom- 
enon relates to lung hypoplasia as a cause or as a con- 
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sequence is unclear. However, and beyond that last 
question, it would be interesting to evaluate prospec- 
tively whether high rates and/or incidences of fetal 
breathing could become useful clinical indicators of 
lung hypoplasia in association with oligohydramnios. 
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Estradiol potentiation of gonadotropin-releasing hormone 
responsiveness in the anterior pituitary is mediated by an 
increase in gonadotropin-releasing hormone receptors 


M. Menon, M.D., H. Peegel, M.S., and V. Katta, B.S. 
Ann Arbor, Michigan 


In order to investigate the mechanism by which 178-estradiol potentiates the action of gonadotropin-releasing 
hormone on the anterior pituitary in vitro, cultured pituitary cells from immature female rats were used as 


the mode! system. Cultures exposed to estradiol at concentrations ranging from 107" to 107° mol/L 


exhibited a significant augmentation of luteinizing hormone release in response to a 4-hour gonadotropin- 
releasing hormone (10 mol/L) challenge at a dose of 10~° mol/L compared io that of control cultures. 
The estradiol augmentation of luteinizing hormone release was also dependent on the duration of estradiol 
exposure. When these cultures were incubated with tritium-labeled L-leucine, an increase in incorporation 
of radiolabeled amino acid into total proteins greater than that in controls was observed. A parallel 
stimulatory effect of estradiol on iodine 125~labeled p-Ala® gonadotropin-releasing hormone binding was 
observed. Cultures incubated with estradiol at different concentrations and various lengths of time showed 
a significant increase in gonadotropin-releasing hormone binding capacity and this increase was 
abrogated by cyclokeximide. Analysis of the binding data showed that the increase in gonadotropin- 
releasing hormone binding activity was due to a change in the number of gonadotropin-releasing hormone 
binding sites rather than a change in the affinity. These results suggest that (1) estradiol treatment 
‘increases the number of pituitary receptors for gonadotropin-releasing hormone, (2) the augmentary effect 
of estradiol on luteinizing hormone release at the pituitary level might be mediated, at least in part, by 

the increase in the number of binding sites of gonadotropin-releasing hormone, and (3) new protein 
synthesis may be involved in estradiol-mediated gonadotropin-releasing hormone receptor induction. (Am J 


Osstet GYNECOL 1985;151:534-40.) 


Key words: Gonadotropin-releasing hormone receptor, estradiol modulation, pituitary cell 


culture, luteinizing hormone 


The positive-feedback mechanism of estrogens on 
the regulation of pituitary gonadotropins in the human 
is well established. Brown et al.' have shown evidence 
~ of ovulation in some anovulatory women after injection 
of estrogens. Swerdloff and Odell’ and Vande Wiele 
et al.” have shown an increase in serum luteinizing 
hormone 36 hours after intravenous administration of 
Premarin. An increase in luteinizing hormone and fol- 
licle-stimulating hormone following administration of 
progesterone has been demonstrated in postmeno- 
pausal women by Odell and Swerdloff.* Similarly, Yen 
and Tsai and Monroe et al.® have also shown an in- 
crease in luteinizing hormone following administration 
of estradiol in the-early follicular phase. Thus an over- 
whelming body of evidence exists in favor of an aug- 
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mentary role of estradiol on luteinizing hormone 
release. These effects have been shown to result from 
steroid action both at the hypothalamic level and at the 
hypophyseal level.’ 

In order to elucidate the cellular mechanisms un- 
derlying the augmentary effect of estradiol in modu- 
lating the pituitary response to gonadotropin-releasing 
hormone (GnRH), we have used an in vitro series of 
studies with enzymatically dispersed rat pituitary cells 
grown in primary monolayer culture as a model system. 
In the rat, in vitro studies have shown a direct estradiol 
effect on the responsiveness of the pituitary for lutein- 
izing hormone release in response to GnRH.*° It has 
also been shown that there is a correlation between 
in vivo estrogen levels and the number of pituitary 
GnRH receptors.'’* " The present studies were done to 
determine whether estradiol acts directly at the pitu- 
itary level to cause a potentiation of GnRH respon- . 
siveness with respect to luteinizing hormone release. In 
addition, the effect of estradiol pretreatment on GnRH 
receptors in cultured pituitary cells was examined to 
determine whether estradiol acts by increasing the 
number of GnRH receptors. Our results show that es- 
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tradiol pretreatment potentiated GnRH-stimulated re- 
lease of luteinizing hormone from the pituitary cell 
cultures in a concentration- and time-dependent man- 
ner. Furthermore, the potentiating effect of estradiol 
on release of luteinizing hormone at the pituitary level 
might be mediated, at least in part, by an increase in 
the number of GnRH receptor sites in the pituitary, 
and the evidence suggests that synthesis of new protein 
may be involved in this process. 


Material and methods 


Female Sprague-Dawley rats, 21 days old, were pur- 
chased from Spartan Farms, Haslett, Michigan, for use 
in these studies. Synthetic GnRH was a gift from Parke- 
Davis, Ann Arbor, Michigan, and p-Ala® des-Gly”-N- 
ethylamide GnRH (p-Ala® GnRH) was purchased from 
Beckman Instruments—Spinco Div., Palo Alto, Califor- 
nia. Estradiol wes purchased from Sigma Chemical Co., 
St. Louis, Missouri. Reagents for cultures were obtained 
from Grand Island Biological Co. (GIBCO), Grand Is- 
land, New York; Worthington Biochemical Corp., Free- 
hold, New Jersey; and Sigma Chemical Co. Tritium- 
labeled L-leucine (specific activity 110 Ci/mmol) was 
purchased from New England Nuclear, Boston, Mas- 
sachusetts. Reagents for radioimmunoassay were pro- 
vided by the Hormone Distribution Program of the 
National Institute of Arthritis, Metabolism, and Diges- 
tive Diseases (NIAMDD). 

Preparation of pituitary monolayer cultures. An- 
terior pituitaries were obtained from immature female 
Sprague-Dawley rats. The cell cultures were prepared 
by a previously described procedure” with some mod- 
ifications. Anterior pituitaries were minced and incu- 
bated in calcium and magnesium-free Earle’s balanced 
salt solution containing 0.3% collagenase, 0.15% hyal- 
uronidase, and 2% bovine serum albumin for 90 min- 
utes, followed by 0.25% pancréatin for 15 minutes. 
After centrifugation and washing of the material, the 
dispersed cells were counted, divided into aliquots (10° 
cells per 2 ml) to tissue culture plates (35 x 10 mm, 
Falcon Plastics, Los Angeles, California), and main- 


tained at 37° C in a water-saturated atmosphere of 95% 


air and 5% carbon dioxide. The medium used for cul- 
ture was Dulbecco’s modified Eagle’s medium supple- 
mented with 10% horse serum, 2.5% fetal calf serum, 
nonessential amino acids, glutamine, 50 ng/ml of gen- 
tamicin, and 10 IU/ml of Mycostatin. The sera were 
previously treated with dextran-coated charcoal to ad- 
sorb the endogenous steroids. Radioimmunoassay of 
charcoal-adsorbed sera indicated nondetectable levels 
of estradiol. | 
Incubation procedure. After cell attachment, which 
usually takes place in 48 hours, the medium was re- 
placed with fresh medium, and experimental treat- 
ments were initiated. Estradiol was dissolved in 70% 
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Fig. 1. Effect of increasing concentrations of estradiol on the 
in vitro responsiveness of pituitary cells to GnRH. Triplicate 
cultures were exposed to 107" to 107€ mol/L of estradiol for 
48 hours, Control cultures were exposed to diluent, 0.5% eth- 
anol. At the end of this period, the medium was replaced with 
serum-free medium containing 10~* mof/L of GnRH and in- 
cubation continued for 4 hours. At the end of the incubation 
period, luteinizing hormone was assayed in the medium by 
radioimmunoassay. Results are expressed as the mean of tripli- 
cate samples on quadruplicate determinations (*p < 0.01). 


ethanol, and 10 pL of this ethanolic solution was added 
to the cultures to achieve the final desired concentra- 
tion. Control cultures received an equivalent volume of 
diluent alone. After incubation for indicated times with 
the test substances, cultures were washed and chal- 
lenged for 4 hours in serum-free Dulbecco’s modified 
Eagle’s medium containing 10-78 mol/L of GnRH. At 
the end of this incubation period, media were separated 
from the cells and luteinizing hormone was assayed in 
the media by radioimmunoassay’ with a rat lutein- 
izing hormone preparation (NIAMDD-RP-1) used as 
standard. 

Incorporation of radiolabeled amino acid into pro- 
tein. Protein synthesis was determined by adding 10 
pCi of tritium-labeled L-leucine per culture and assay- 
ing the incorporation of radiolabeled amino acid into 
protein during the estradiol and control treatment pe- 
riods (48 hours). Cycloheximide ata final concentration 
of 50 pmol/L was added during the final 8 hours of 
incubation. Media were then removed from the cul- 
tures; cells were washed five times with serum-free me- 
dia and dissolved in 0.1N sodium hydroxide. Aliquots 
were neutralized with 0.1N hydrochloric and, after ad- 
dition of 0.2 mg of bovine serum albumin to the sam- 
ples, equal volumes of 20% trichloroacetic acid con- 
taining 2% phosphotungstic acid and 0.1% L-leucine 
were added. After 30 minutes on ice, the samples were 
centrifuged at 2500 x g for 20 minutes. The pellets 
were washed five timés by dissolving in 1 ml of JN 
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Fig. 2. Time course of the effect.of estradiol exposure on the responsiveness of pituitary cells to 
GnRH. After cell attachment, cultures were incubated with 107° mol/L of estradiol for increasing 
lengths of time up to 48 hours. Controls were exposed to diluent, 0.5% ethanol. At the end of each 
exposure period, media were replaced with serum-free media containing 10~® mol/l of GnRH and 
incubation continued for 4 hours. After this period, the media were separated and assayed for 
luteinizing hormone content. by radioimmunoassay. In experiment 1, p values are calculated versus 
the 4-hour point; in experiment 2, p values are expressed versus the 7-hour point (**p < 0.01, 


*p < 0.005). 


sodium hydroxide followed by precipitation with | ml 
of IN hydrochloric acid. The final pellet was dissolved 
in 1 ml of NCS tissue solubilizer (Amersham Corp., 
Arlington Heights, Illinois) and counted in a liquid scin- 
tillation counter after the addition of 10 ml of scintil- 
lation fluid. Protein content in the dissolved cells was 
determined by the method of Lowry et al. with bovine 
serum albumin used as standard. 

Iodine 125-labeled p-Ala‘ GnRH-binding studies. 
Following the incubation with test substances, the cul- 
tured cells in each experimental group were washed, 
scraped free with a rubber policeman, combined, and 
transferred to 12 by 75 mm glass tubes at a concentra- 
tion of 2 to 3 x 108 cells per tube for the binding stud- 
ies. Radioiodinated p-Ala® GnRH for use as radioligand 


_ was prepared by the lactoperoxidase method. The 


specific activity of the I-labeled peptide was in the 
range of 850 to 1500 pCi/pg. 

Binding assays were performed as described by Naor 
et al. In brief, the labeled peptide (50,000 cpm) was 
incubated with the pituitary cells in a total volume of 
0.3 ml of assay buffer (Dulbecco’s modified Eagle’s me- 
dium, 0.1% bovine serum albumin, 0.5 mmol/L of bac- 
itracin, and 25 mmol/L of HEPES, pH 7.4) for 80 min- 
utes at 22° C. Nonspecific binding was determined by 


N including 107° mol/L of p-Ala® GnRH in the binding 


assay. Specific binding was determined by subtracting 


nonspecific binding from the total binding. The reac- 
tion was stopped by the addition of 2 ml of ice-cold 
phosphate-buffered saline (pH 7.2), followed by filtra- 
tion under vacuum through Whatman GF/C filters pre- 
soaked in 1% bovine serum albumin and washing three 
times each with 4 ml of phosphate-buffered saline. The 
bound radioactivity was determined by counting the 
filters in a gamma spectrometer. 

To study the effect of estradiol on GnRH receptor 
content and.affinity, after estradiol exposure the cell 
cultures were incubated -with 50,000 cpm of iodinated 
GnRH and increasing concentrations of unlabeled an- 
alogue from 0.25 to 2.25 nmol/L in the absence or 
presence of 1000-fold excess of unlabeled analogue. 


The amount of GnRH bound to the cells was deter- 


mined at each point. 

Protein determination. Protein was determined by 
the method of Lowry et al. Cell protein content in 
these studies did not vary significantly in control versus 
estradiol-treated cultures. 


Results 


Initial.experiments were performed to determine the 
effect of estradiol pretreatment on the in vitro sensi- 
tivity of the cell cultures to GnRH for luteinizing hor- 
mone release. The effect of pretreatment with different 
concentrations of estradiol on the subsequent ability of 
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Fig. 3. Effect of increasing concentrations of GnRH on luteinizing hormone release from pituitary 
cells preincubated in the presence or absence of estradiol. Cultures were exposed to 107° mol/L of 
estradiol or control diluent for 48 hours. At the end of this time period, media were replaced with 
fresh serum-free media containing indicated concentrations of GnRH and incubation continued for 
4 hours. Media then were separated and luteinizing hormone content measured by radioimmu- 


noassay. 


the pituitary cells to respond to exogenous GnRH for 
luteinizing hormone release is shown in Fig. 1. The cell 
cultures were treated with 10~'® to 107° mol/L of es- 
tradiol for 48 hours, after which the medium was re- 
placed with serum-free medium and incubated with 
10-7? mol/L of GnRH for 4 hours and the amount of 
luteinizing hormone released into the medium was de- 
termined by radioimmunoassay. It was observed that 
estradiol pretreatment of the pituitary cells potentiated 
the GnRH-stimulated luteinizing hormone release 
compared to that of controls; estradiol was effective at 
a dose of 107° mol/L, and a significant augmentation 
of luteinizing hormone release was obtained by expo- 
sure to 10~° mol/L of estradiol. Thus in subsequent 
experiments a concentration of 10~° mol/L of estradiol 
was chosen. 
The time course of the effect of estradiol exposure 
on luteinizing hormone release in response to GnRH 
was then examined (Fig. 2). After incubation of the cell 
cultures with 10~° mol/L of estradiol for 4 to 48 hours, 
the medium was replaced with serum-free Dulbecco’s 
modified Eagles medium containing 107° mol/L of 
GnRH and incubated for an additional 4 hours. Treat- 
ment with estradiol for a period as long as 10 hours 
had no effect on GnRH-stimulated luteinizing hor- 
mone secretion, whereas treatment for 14 to 48 hours 
increased secretion. The maximal increase in respon- 
siveness was achieved by a 48-hour exposure time, the 
maximum time point tested. These results demonstrate 
that the duration of exposure to estradiol resulted in 


progressive augmentation of luteinizing hormone re- 
lease in response to GnRH compared to that of controls. 

The effect of estradiol on the half-maximal stimu- 
lation of GnRH was then tested. The cell cultures were 
exposed to 107° mol/L of estradiol or diluent for 48 
hours and subsequently challenged with increasing 
concentrations of GnRH from 107" to 1077 mol/L and 
the amount of luteinizing hormone released into the 
medium was assayed. As shown in Fig. 3, cell cultures 
pretreated with estradiol exhibited a marked increase 
in luteinizing hormone secretion compared to that of 
controls in response to GnRH in the concentration 
range tested, with maximal luteinizing hormone pro- 
duction significantly enhanced. The concentration of 
GnRH required to elicit half-maximal stimulation of 
luteinizing hormone release was found to be 0.42 nmol/ 
L in the presence of estradiol whereas for control cul- 
tures it was 0.65 nmol/L. 

Effect of estradiol on the incorporation of tritium- 
labeled L-leucine into proteins. Since estradiol has 
been shown to increase protein synthesis in the target 
cells, the possibility that the stimulatory effect of estra- 
diol in the cultured pituitary cell also may occur by this 
process was examined. Results presented in Table I 
show that the addition of estradiol caused a significant 
increase in the incorporation of tritium-labeled L-leu- 
cine into ‘trichloroacetic acid~precipitable proteins in 
the pituitary compared to that in controls. As expected, 
cycloheximide, a known inhibitor of protein synthesis, 
inhibited the incorporation, suggesting that the oF 
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Fig. 4. Effect of estradiol on GnRH receptor content. Pituitary 
cells incubated for 48 hours with increasing concentrations of 
estradiol or control diluent were removed from culture dishes 
and the binding of '”I-labeled p-Ala® GnRH was determined. 
Binding assay conditions were as described under Material 
and methods (*p <J).01 versus control). 


Table I. In vitro effect of estradiol on amino 
acid incorporation into protein 









Trittum-labeled Leucine 
incorporation per culture (pmol/ 
100 ug protein, + SEM) 





Estraaiol 






Addition (10~° mol/L) 
None 2.7 + 0.15 3.64 + 0.36 
Cycloheximide 1.10 + 0.08 1.43 + 0.06* 


(50 wmol/L) 


After attachment, pituitary cell cultures were incubated with 
estradiol or control diluent (0.5% ethanol) for 48 hours in the 
presence of 10 wCi of tritrum-labeled L-leucine. Cyclohex- 
imide was added during the final 8 hours of incubation. Sam- 
ples were then processed for the determination of radiola- 
beled amino acid incorporation into proteins as described un- 
der Material and methods. Values are means + SEM of 
triplicate determinations. ` 


*p < 0.005 versus estradiol-treated cultures. 


served effect is due to increased protein synthesis 
rather than increased precursor uptake. 

Effect of estradiol pretreatment on GnRH receptor. 
To test whether the potentiating effect of estradiol re- 
sults from an increase in GnRH receptor, binding stud- 
ies were performed with pituitary cells previously cul- 


‘tured in the presence and absence of estradiol. Cell 


cultures exposed to increasing concentrations of estra- 
diol (107" to 1078 mol/L) for 48 hours exhibited a sig- 
nificant increase in GnRH binding capacity in those 


\ cultures exposed to 10~° mol/L of estradiol compared 
i that of controls (Fig. 4). The effect of increasing 


intubation time with estradiol on GnRH binding activ- 
ity at\different time points is shown in Fig. 5. At each 
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Fig. 5. Ef ect of estradiol exposure on GnRH binding activity. 


Pituitary cell cultures were incubated with diluent or 107° mol/ 


L of estradiol for increasing lengths of time as indicated. At 
the end of each exposure period, cells were collected and 
GnRH binding studies were performed as described in Ma- 
terial and methods (*p < 0.005, **p < 0.010 versus controls 
at the same time point). 


time point tested, GnRH binding activity showed a sig- 
nificant increase compared to that of controls; at 96 
hours the difference between controls and estradiol- 


~ treated groups was maximum. To determine whether 


the effect of estradiol on GnRH receptors was due to 
a change in the affinity of or an increase in the number 
of GnRH binding sites, control and estradiol-treated 
cell cultures were assayed for GnRH binding activity 
with increasing concentrations of GnRH, and these 
data were transformed according to Scatchard” to de- 
termine the equilibrium dissociation constants and the 
number of binding sites (Fig. 6). Estradiol treatment 
of pituitary cells did not alter the dissociation constants, 
4.94 x 107° mol/L, compared to control value of 
4.78 xX 107" mol/L, indicating that no change in GnRH 
binding affinity had occurred. Rather these results in- 
dicate that the observed increase in GnRH binding ac- 
tivity was due to an increase in the number of binding 
sites, from 4065 (control) to 10,570 per cell (Table II). 
This increase in receptors was prevented by the protein 
synthesis inhibitor cycloheximide. The inclusion of cy- 
cloheximice during a 48-hour incubation with estradiol 
produced a decrease in the GnRH binding capacity 
compared to that seen in cultures incubated with es- 
tradiol alone, suggesting that the receptor induction 
involves events associated with protein synthesis 


(Fig. 7). 


Comment 

The direct effect of estradiol on pituitary respon- 
siveness has been shown to be stimulatory and inhibi- 
tory, depending on the duration and concentration of 
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Fig. 6. Saturation curve of D-Ala® GnRH binding to pituitary 
cells maintained for 4 days in culture in the presence or ab- 
sence of estradiol Cultures were incubated with or without 
estradiol (107° mol/L for 48 hours, removed from culture 
dishes, and binding of '*I-labeled p-Ala® GnRH was deter- 
mined by use of a Axed quantity of radioligand with increasing 
concentrations of unlabeled analogue. Other experimental 
conditions were the same as described under Material and 
methods. Specific binding is shown on the abscissa. A Scat- 
chard plot of these data is shown in the inset. The equilibrium 
dissociation constants are 4.8 x 107'° mol’L and 5.0 x 107” 
mol/L for control and estradiol-treated cultures, respectively. 
e———« = Control; ——a = estradiol (107° mol/L). 


estradiol under in vivo’® "° and in vitro® *°”? conditions. 
In the present experiments we have attempted to study 
the augmentary effect of estradiol on luteinizing hor- 
mone release. Studies by Savoy-Moore et al. indicate 
that between metestrous and proestrous periods there 
is a significant rise in pituitary GnRH receptor content 
that is closely associated with the rise in serum estrogen 
levels. Tang et al.,% using membranes obtained from 
adult rat pituitaries at random stages of the estrous 
cycle have shewn that an estradiol priming effect on 
pituitary luteinizing hormone response is associated 
with an increase in cellular luteinizing hormone content 
followed by an increase in GnRH receptor content. In 
our present study, we have used intact cultured cells 
from immature female pituitaries for the binding study 
rather than membranes from adult rats. Our studies 
have clearly shown that the effect of estradiol on lu- 
teinizing hormone release in response to synthetic 
GnRH is dependent on the concentration and duration 
of exposure to estradiol. The maximum augmentary 
response was seen at 107° mol/L of estradiol and at 48 
hours of exposure time. Binding studies have shown 
that estradiol pretreatment causes a significant increase 
in the number of GnRH binding sites in rat anterior 
pituitary cells without any change in the affinity. These 
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Fig. 7. Effect of cycloheximide on GnRH binding capacity. 
Control and estradiol (107° mol/L)-exposed pituitary cells 
were incubated for 48 hours in the presence and absence of 
20 pmol/L of-cycloheximide. After cell collection, binding of 
the radiolabeled GnRH was determined as described under 
Material and methods. 


Table II. Effect of estradiol pretreatment on 
the binding constants of pituitary GnRH 
receptors 










GnRH 
binding sites 
(No.) 






Equilibrium 


Culture dissociation constant 





Control 4.78 x 107" mol/L 4,065 


Estradiol 4.94 x 107 mol/L 10,570 


(107° mol/L) 


Pituitary cells were cultured with or without estradiol for 
48 hours, after which binding of the radioligand was examined 
by adding increasing concentrations of unlabeled analogue. 
Other experimental conditions were as described under Ma- 
terial and methods. Data taken from Fig. 6. 


in vitro studies suggest that estradiol did increase the 
number of pituitary receptors for GnRH and that the 
potentiating effect of estradiol on luteinizing hormone 


_ release at the pituitary level might be mediated at least 


in part by an increase in the number of GnRH receptor 
sites in the pituitary. The present finding that estradiol 
increases GnRH receptors in pituitary cell cultures does 
not appear to be due to an increase in cell number, 
since estradiol treatment did not result in a significant 
increase in protein content. Although estradiol has 
been known to cause cell proliferation, it has not been 
shown, among the various cell types found in the pi- 
tuitary, that proliferation of luteinizing hormone—pro- 
ducing cells actually takes place. Furthermore, Targ 
et al,”> have reported that the increased tritium-labeled 
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thymidine incorporation they observed in pituitary cells 
cultured in the presence of estradiol occurred consid- 
erably later than the estradiol priming effect on pitu- 
itary GnRH responsiveness. 

The mechanism by which estradiol produces an ef- 
fect on GnRH receptors is not understood at the pres- 
ent time. Current theories on protein hormone-recep- 
tor processing suggest that the receptors are internal- 
ized and processed intracellularly, resulting in the 
recycling of the receptors.” Whether estradiol causes 
a synthesis of new GnRH receptors or exposition of 
cryptic receptors by translocation from intracellular 
sites is not known. However, stimulation of amino acid 
iacorporation into protein by estradiol pretreatment 
suggests the role of protein synthesis. It is conceivable 
that estradiol might cause an increase of GnRH recep- 
tors by increasing the synthesis of new protein. The 
observed effect is not due to a change in the number 
of cells, since the augmentary effect was still observed 
when results were expressed on the basis of protein 
content. The duragion of estradiol exposure needed for 
a significant stimulation of GnRH receptors would fur- 
ther support the role of protein synthesis. In addition, 
protein synthesis inhibitors such as cycloheximide in- 
hibited the estradiol effect on GnRH receptors by either 
preventing receptor synthesis or recycling the receptors 
to the cell surface. 

In conclusion, the current studies show that estradiol 
augmentation of GnRH responsiveness by the pituitary 
is related to an increase in GnRH receptors, and the 
induction of receptors involves protein synthesis in the 
ə pituitary. 


REFERENCES 


l. Brown WE, Bradbury JT, Juncek EL. The effect of es- 
trogens and other steroids on the pituitary gonadotropins 
In women. AM J OBSTET GYNECOL 1953;65:733. 

2. Swerdloff RS, Odell WD. Serum luteinizing and follicle 
stimulating hormone levels during sequential and non- 
sequential contraceptive treatment in eugonadal women. 
J Clin Endocrinol Metab 1959;29:157. 

3. Vande Wiele RL, Bogumil J, Dyrenfurth I, et al. Mech- 
anisms regulating the menstrual cycle in women. Recent 
Prog Horm Res 1970;26:63. 

4. Odell WD, Swerdloff RS. Progesterone induced lutein- 
izing and follicle stimulating hormone surge in post- 
menopausal women: A stimulated ovulation peak. Proc 
Natl Acad Sci USA 1968;61:529. 

5. Yen SS, Tsai CC. Acute gonadotropin release induced by 
exogenous estradiol during the midfollicular phase of the 
menstrual cycle. J Clin Endocrinol Metab 1972;34:298. 

6. Monroe SE, Jaffe RB, Midgley AR. Regulation of human 


10. 


l1. 
12: 
13. 


l4, 


15. 


16. 


wie 
18. 


19, 
20. 
21. 
22. 
23. 


24. 


February 15, 1985 
Am J Obstet Gynecol 


gonadotropins. XII. Increase in serum gonadotropins in 
response to estradiol. J Clin Endocrinol Metab 1972; 
34:342. 


. Brown-Grant K. In: Geep RO, ed. Reproductive physi- 


ology, vol 2. Baltimore: University Park Press, 1977:57- 
84 


: Drouin J, Lagacé L, Labrie F. Estradiol-induced increase 


of the LH responsive tc LH-releasing hormone (LHRH) 
in rat anterior pituitary cells in culture. Endocrinology 
1976;99:1477. 


. Hsueh AJW, Erickson GF, Yen SSC. The sensitizing effect 


of estrogens and catechol estrogen on cultured pituitary 
cells to luteinizing hormone-releasing hormone: its an- 
tagonism by progestins. Endocrinology 1979;104:807. 
Savoy-Moore RT, Schwartz NB, Duncan JA, Marshall JD. 
Pituitary gonadotropin-releasing hormone receptors dur- 
ing the rat estrous cycle. Science 1980;209:942. 

Clayton RN, Solano AR, Garcia-Vela M, Dufau ML, Catt 
KJ. Regulation of pituitary receptors for gonadotropin- 
releasing hormone during the rat estrous cycle. Endocri- 
nology 1980;107:699. 

Vale W, Grant G, Amoss M, Blackwell R, Guillemin R. 
Culture of enzymatically dispersed pituitary cells: func- 
tional validation of a method. Endocrinology 1972; 
91:562. 

Niswender GD, Midgley AR Jr, Moore SE. Radioimmu- 
noassay for rat luteinizing hormone with antiovine LH 
serum and ovine LH-131-I. Proc Soc Exp Biol Med 
1968; 128:807. 

Lowrv LH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the folin phenol reagent. J Biol Chem 
1951:193:265. 

Clayton RN, Shakespear RA, Duncan JA, Marshall JC, 
Munson PJ, Rodbard D. Radioiodinated nondegradable 
gonadotropin-releasing hormone analogs: new probes for 
the investigation of pituitary gonadotropin-releasing hor- 
mone receptors. Endocrinology 1979;105:1369. 

Naor Z, Clayton RN, Catt KJ. Characterization of go- 
nadotropin-releasing hormone receptors in cultured rat ` 
pituitary cells. Endocrinology 1980;107:1144. 

Scatchard G. The attraction of proteins for small mole- 
cules and tons. Ann NY Acad Sci 1949;51:660. 

Jaffe KB, Kaye WR Jr. Estradiol augmentation of pituitary 
responsiveness to gonadotropin releasing hormone in 
women. J Clin Endocrinol Metab 1974;39:850. 

Kaye WR Jr, Jaffe RB. Modulation of pituitary gonado- 
tropin response to gonadotropin releasing hormone by 
estradiol. J Clin Endocrinol Metab 1974;38:805. 

Schally AV, Redding TW, Arimura A. Effect of sex ste- 
roids on pituitary responses to LH and FSH releasing 
hormone in vitro. Endocrinology 1973;93:393. 

Tang LK. Effect of sex steroids on pituitary LH response 
to LHRH and LH synthesis. Am J Physiol 1980;238:E458. 
Tang LK. Differential feedback regulation by 17B-estra- 
diol of LH production and LHRH responsiveness in ad- 
enohypophyseal cell cultures. Endocr Res Commun 1977; 
4:217 


Tang LK, Martellock AC, Horiuchi JK. Estradiol stimu- 
lation of LH response to LHRH and LHRH binding sites 
in pituitary cultures. Am J Physiol 1982;242:E392. 
Pastan [, Wilingham MC. Receptor-mediated endocyto- 
sis: coated pits, receptosomes and the Golgi. TIBS 1983; 
48:250. 


The significance of C-reactive protein levels in women with 


premature rupture of membranes 


Mahmoud A. Ismail, M.D., Michael J. Zinaman, M.D., Richard I. Lowensohn, M.D., and 


Atef H. Moawad, M.D. 
Chicago, Illinois 


In a prospective study of 100 patients with preterm premature rupture of membranes, clinical chorioamnionitis 
was present in 18 and histologic choricamnionitis was present in 63. Patients who were managed 
conservatively for premature rupture of membranes were monitored by C-reactive protein determination, 
white blood cell and differential counts, maternal temperature, and fetal heart tone. C-reactive protein 

was measured nephelometrically (Immuno-chemistry Analyzer I], Beckman). Elevated C-reactive protein : 
levels correlated well with both the pathologic and the clinical diagnosis of chorioamnionitis. Elevated 
C-reactive protein levels (at least 12 to 24 hours before celivery) were more sensitive than other standard 
laboratory or clinical tests in predicting chorioamnionitis both by clinical and pathologic criteria. When 
C-reactive protein values were normal, clinical chorioamnionitis was rarely found, whereas pathologically 
diagnosed chorioamnionitis was found half of the time. We conclude that although the C-reactive protein 
level is a very sensitive predictor of infectious morbidity in premature rupture of membranes, its specificity 


is not high. (AM J OBSTET GYNECOL 1985;151:541-4.) 


Key words: C-reactive protein, premature rupture of membranes, chorioamnionitis 


The purpose of this study was to find a marker for 
the diagnosis of early infection in patients with pre- 
mature rupture of membranes. C-reactive protein mea- 
surement had been used previously at our institution 
in a preliminary study for the management of patients 
with premature rupture of membranes as well as those 
with gynecologic infections. This study was planned to 
evaluate prospectively the sensitivity and specificity of 
such a test in the management of patients with pe 
mature eee of membranes. 


Material and methode: 


All patients admitted to Chicago Lying-in Hospital 
between August 1, 1980, and July 30, 1982, with pre- 
mature rupture of membranes (documented by the 
presence of gross pooling of amniotic fluid or of Ni- 
trazine-positive fluid in the vaginal vault), who were of 
<35 weeks’ gestation and who had no signs or symp- 
toms of chorioamnionitis and no labor contractions 
were included in this study. These patients were man- 
aged conservatively and were evaluated with the fol- 
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Fig. 1. Correlation between histologic and clinical chorioam- 
nionitis. 


lowing tests: (1) A uterine cervical culture was tested 
for group B streptococci, Neisseria gonorrhoeae, and 
Chlamydia trachomatis. (2) A real-time sonogram was 
made to rule out gross congenital malformation and to 
identify pockets of amniotic fluid. (3) An amniocentesis 
was performed with patient consent. The fluid obtained 
was evaluated for fetal lung maturity (by lecithin/sphin- 
gomyelin ratio and the presence of phosphatidylglyc- 
erol) and tested for infection (by Gram stain and aerobic 
and anaerobic bacterial cultures). (4) Blood was drawn 
for a complete blood cell count with differential white 
cell count and for C-reactive protein determination. * 
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Table I. Demographic data of patients entered in the study 


Age (yr) 

Gestational age (wk) 

Duration of premature rupture of membranes (hr) 
Gravidity 

Parity 
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24.5 +52 15-39 24.6 
3] 26-37 31.8 
150 +217 5-1053 72.0 
+2 
+] 





Table II. Patterns of labor, mode and route of 
delivery, fetal sex, and outcome in patients 
of the study 


Occurrence % 
Spontaneous labor . 88 
Induced labor 12 
Spontaneous vaginal delivery 47 
Outlet forceps delivery. 40 
Cesarean section 13 
Male infant ; 64 
Female infant 36 
Live birth 98 
Sullbirth* 2 


a cease tel te eee ea i 


*One infant weighed 535 gm and was very immature, and 
the second infant had a traumatic breech delivery. 


rate nephelometric assay was performed to measure 
C-reactive protein with the use of a Beckman immu- 
nochemistry analyzer (automated model) with the 
C-reactive protein reagent kit (Beckman instruments, 
Inc., Fullerton, California). C-reactive protein results 
were not available for clinical management. 

Following admission, daily complete blood cell and 
differential counts and C-reactive protein determina- 
tions were performed. Fetal heart rate, maternal tem- 
perature, and uterine tenderness or contractions were 
evaluated every 8 hours. Conservative management was 
interrupted if labor occurred or if clinical evidence of 
chorioamnionitis developed. Labor was induced if ma- 
‘ternal temperature rose to 38° C or higher, if the uterus 
became tender and irritable, or if foul-smelling am- 
niotic fluid was noted, and if an abnormal fetal heart 
rate developed, e.g., fetal tachycardia (>180 bpm). 
Uterine irritability alone was not an indication for de- 
livery. 
All newborn infants underwent a routine workup for 
sepsis and were treated with antibiotics for 3 days pro- 
phylactically. Further evaluation and management of 
any other neonatal problems were done in a routine 
manner. All placentas and amniotic membranes were 
histologically evaluated for evidence of inflammation 
and/or infection. The criteria that were used to estab- 
lish a diagnosis of histologic chorioamnionitis were (1) 
polymorphonuclear leukocyte infiltration of the extra- 
‘placental membranes, (2) an accumulation of poly- 
Mèrphs in the intervillous space immediately below the 
chorionic plate, (3) leukocyte infiltration of the cho- 
rionic plate, and (4) angiitis of umbilical vessels. 


N 
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Results 


One hundred patients between 26 and 35 weeks’ ges- 
tation with documented premature rupture of mem- 
branes were enrolled in the study. Demographic data 
are shown in Table I. The mean gestational age of these 
patients was 31 weeks, and the mean duration of pre- 
mature rupture of membranes at the time of delivery 


was 150 hours; 88% went spontaneously into labor, 


whereas labor was induced for 12%. The cesarean sec- 
tion rate was 13%, as shown in Table II. Amniocentesis 
was attempted in 51 patients and was successful 45% 
of the time. j 

Eighteen patients developed clinical chorioamnio- 
nitis, while histologic chorioamnionitis was diagnosed 
in the placentas of 63 patients. Fig. 1 shows the corre- 
lation between histologic and clinical chorioamnionitis. 
Only 16 patients had both clinical and histologic cho- 
rioamnionitis. Of the 37 patients with no findings of 
histologic chorioamnionitis, only two had signs and 
symptoms cf clinical chorioamnionitis. Of these two, 
one had a urinary tract infection (Escherichia coli culture, 
> 10°) while the other had no other source of infection. 

Table IHI shows a comparison of the sensitivity of 
different tests in identifying clinical chorioamnionitis. 
C-reactive protein determination was the most sensitive 
test (82%), followed by presence of fever (56.1%) and 
white ‘blood cell count (47%); fetal tachycardia was the 
least sensitive indicator (22%). On the other hand, when 
the specificities of these tests were considered, C-re- 
active protein was found to be the least specific. 
_ Table IV shows a comparison of the different test 
capabilities in the identification of pathologic chorioam- 
nionitis. Determination of C-reactive protein was far 
superior in sensitivity to all of the other tests. Its spec- 
ificity was also high (81.8%) but less than that of the > 
other tests. 


Comment 


A conservative approach to the management of pa- 
tients with premature rupture of membranes has been 
advocated by several authors.’* The end point of such 
management is either the occurrence of clinical cho- 
rioamnionitis or the onset of spontaneous labor. 

Identificatian of patients at risk for the development 
of amnionitis is a difficult problem. Bobbitt and Ledger” 
have shown that the examination of amniotic fluid 


_ alone is not very reliable, since the presence or absence 


Volume 15! | . A C-reactive proteins and PROM 543 
Number 4 


Table IJI. Comparison of C-reactive protein determination and other.tests in the identification of clinically 
diagnosed chorioazmnionitis 






















Positive Negative 
Sensitivity _ Specificity predictive value predictive value 
Test (%) (%) (%) 





C-reactive protein* 82 55 36 91 
White blood zell count} 47 85 40 89 
Differential white cell countt 33 94 55 87 
Maternal temperature 56 98 83 91 
Fetal heart tone§ 22 97 67 87 


*Values > 2 mg/dl. 

tIncreased by 30% ante partum over baseline values. 

+More than six bands or any toxic granulation in white cells. 
§Persistent fetal heart tones > 160/min. 


Table IV. Comparison of C-reactive protein determination and other tests in the identification of 
pathologically diagnosed chorioamnionitis 





Positive Negative 
Sensitivity Specificity predictive value predictive value 
Test (%) — (%) (%) 
C-reative protein* 67 e 50 
White blood cell countt 23 40 
Differential white cell countt 14 40 
Maternal temperature I7 4] 
Fetal heart tone§ 8 38 


*Values > 2 mg/dl. 

tIncreased by 30% ante partum over baseline values. \ 
More than six bands or any toxic granulation in white.cells. 

§Persistent fetal heart tone > 160/minute. 


of white blood cells and/or bacteria correlates poorly lation of leukocyte motility, and opsonic effects, sug- 
with the development of infection. Other investigators‘ gesting a specific role in tissue regeneration and repair. 
have reported on the bacteriostatic activity of the am- The correlation with histologic chorioamnionitis was 
niotic fluid and its ability to combat infection and thus much higher for C-reactive protein determination than 
decrease the risk of amnionitis. for the other tests with respect to sensitivity, but spec- 
The use of amniocentesis in patients with premature ificity (as noted earlier), although high for C-reactive 
rupture of membranes has been advocated by Garite protein (81%), was lower than that seen with the other 
et al.’ Gravett et al.° reported on the use of gas-liquid tests. It seems clear that histologic changes precede the 
chromatography for rapid diagnosis of amniotic fluid clinical manifestations of chorioamnionitis, and in this 
infection. The search continues for a reliable laboratory case it is logical to assume that C-reactive protein is an 
test to serve as an early indicator of impending infec- early predictor of an inflammatory process. Our results 
tious morbidity in patients with premature rupture of are in agreement with previous work from our insti- 
membranes. The tests used routinely to follow patients tution,® as well as with the findings of Hawrylyshyn 
managed corservatively lack both sensitivity and spec- et al.,’® but differ from those of Farb et al.'' who found 
ificity. C-reactive protein level of no value as a pathognomonic 
In comparing C-reactive protein levels with other test. 
laboratory tests as indicators of infection (e.g., white The histologic presence of chorioamnionitis in 63% 
blood cell count, differential count, maternal temper- of the placentas and amniotic membranes in the present 
ature, fetal heart rate), we found C-reactive protein study sheds further light on the incidence of subclinical 
level to be more sensitive but less specific in identifying infection in these patients, and it suggests that this may 
clinical chorioamnionitis. C-reactive protein is an acute be a contributing factor in the etiology of premature 
phase protein’ synthesized by hepatocytes through in- rupture of membranes. This finding is consistent with 
duction by humoral mediator—probably interleukin- other reports in the literature concerning this clinical 
1. Once released, C-reactive protein becomes bound to condition,” 
altered or necrotized membrane structures. Its biologic In our institution all placentas and amniotic mem. 


effects? include enhancement of phagocytosis, stimu- branes are examined by a perinatal pathologist, mii- 
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mizing the risk of overdiagnosis of chorioamnionitis: 
At the Chicago Lying-In Hospital, we do not use ste- 
roids nor do we give tocolytic agents to any of our 
patients with premature rupture of membranes. Cur- 
rently we deliver all patients with premature rupture 
of membranes of 235 weeks’ gestation and those with 
-an estimated fetal weight of 22500 gm. The high in- 
cidence of histologic chorioamnionitis which was found 
in our study patients and the positive predictive value 
of elevated C-reactive protein for this condition make 
C-reactive protein determination a valuable tool for the 
conservative management of premature rupture of 
membranes. Whether or not these histologic, subclin- 
‘¢cal changes are the cause of premature rupture of 
membranes remains controversial. 
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Modulation of thymosin B, by estrogen | 


' Bo Y. Suh, M.D., P. H. Naylor, Ph.D., A. L. Goldstein, Ph.D., and Robert W. Rebar, ~M D. 
La JOUE California, Washington, D. C., and Chicago, Illinois 


i s> The endocrine thymus produces several hormone-like peptides (generically termed thymosins) which 


_ control development of the thymic-dependent lymphoid system and participate in the process of immune 

- regulation. In addition, recent literature supports the hypothesis that gonadal steroids in general and 
estrogens in particular affect the immune system. To determine whether steroid hormones modulate 
secretion of thymic peptides, basal concentrations of thymosins a, and B, were determined by 

- radioimmunoassay in morning blood samples from 87 women in various clinical states. Basal concentrations 
of thymosin a, were similar in all women sampled. Basal levels of thymosin 8, were similar in normal 
women during the early follicular phase, women with premature ovarian failure, postmenopausal women 
not receiving estrogen, and individuals with gonadal dysgenesis. However, the marked variability of 

basal levels in premature ovarian failure and in postmenopausal women suggests that these groups are 
quite heterogeneous. Thymosin B, concentrations were reduced in castrated women not receiving estrogen 
and were decreased more in both postmenopausal women and castrated women who were on chronic 
estrogen therapy. These data suggest that estrogens can modulate the circulating levels of thymosin B, but 
not of thymosin a,. We do not yet know whether sex steroids modulate secretion of other thymic peptides. 


(AM J OBSTET GYNECOL 1985;151:544-9.) 
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The maintenance of immune homeostasis relies 
heavily on the thymus gland. Absence of the thymus 
results in both immunologic and endocrinologic dis- 
turbances.’ Recently we have isolated and sequenced 


two thymic peptides, thymosin a, and thymosin B4, with © 


each having a different immunologic and endocrino- 
logic activity profile. Both peptides have been localized 
to the epithelial cells of the thymus.” However, contro- 
versy still exists as to whether these peptides may also 
be produced in small quantities by other tissues.” We 
have also developed specific radiotmmunoassays for 
each peptide.*° | 

Thymosin a, is highly active in amplifying T cell 
immunity’ and is active in modulating the expression 
of terminal deoxynucleotidyl transferase.’ In addition, 
exogenous thymosin a, can increase corticosterone se- 
cretion.’ Thymosin 8, acts on lymphoid stem cells and 
may influence the early stages of the maturation process 
of thymus-dependent lymphocytes.” Also, thymosin f, 
has been shown to stimulate release of luteinizing hor- 
mone-releasing factor from superfused hypothalami 
in vitro® as well as release of luteinizing hormone fol- 
lowing in vivo intracerebral administration.’ 

Separate evidence supports the hypothesis that go- 
nadal steroids affect the immune system.” Both 
estrogen" and androgen” receptors have been iden- 
tified in thymic epithelial cells. Immune responses are 
clearly altered during pregnancy when circulating go- 
nadal steroid concentrations are extremely high," and 
the effects of sex steroid manipulation in both spon- 
taneous and experimentally induced autoimmune dis- 
eases are well recognized.'*'® 


In the present study we have examined circulating - 


concentrations of thymosin a, and thymosin B, in 87 
women in various clinical situations in which circulating 
estrogen levels differ markedly. 


Material and methods 
Blood samples. Basal fasting serum samples for mea- 


“surement of thymosin a, and thymosin B, were col- 


lected from the following groups of men and women. 

Daily samples were collected from three men for 5 
days to assess thymic peptide variability from day to 
day. Single samples were collected from 47 women aged 
19 to 64 years to determine whether any systemic 
changes in thymic peptides could be discerned with age. 
Single samples were collected from an additional 87 
women representing a variety of clinical states: (1) Ten 
normal women in the early follicular phase of their 
menstrual cycles (EF). (2) Twenty women under age 35 
with premature ovarian failure as previously defined 


by us.” (3) Ten postmenopausal women receiving and - 


14 not receiving exogenous estrogen for at least 3 
months. (All subjects receiving estrogen were admin- 
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Fig. 1. Daily concentrations of circulating thymosin a, and 
thymosin 8, in three men. Marked variability is apparent from 
day to day. 


istered the equivalent of at least 0.625 mg of conjugated» 
estrogen orally for the first 25 days of each month and’ 
10 mg of medroxyprogesterone acetate orally days 16 
to 25 of each month. Basal blocd samples were obtained 
between days 10 and 15 of the month while subjects 
were receiving estrogen alone.) (4) Fourteen castrated 
women receiving and 14 not receiving exogenous es- 
trogen for at least 3 months. (These women were oo- 
phorectomized at least 1 year prior to study.) (5) Five 
women with gonadal dysgenesis. 

In addition, samples were collected at 2- to 3-day 
intervals from four women through a single menstrual 
cycle. Samples also were collected at frequent intervals 
from four agonadal women from 2 hours before to 4 
hours following a 4-hour intravenous infusion of es- 
tradiol-178 at 50 mcg/hr. 

Sera from the samples were stored at ~20° C until 
assayed for thymosin a, and thymosin B, by radioim- 
munoassay. For each thymic peptide all samples were 
measured in the same assay. 

Radioimmunoassay. Thymosin a, was measured by 


radioimmunoassay as described by McClure et al.‘ The 


assay is capable of detecting as little as 100 pg/ml ef 
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Fig. 2. Serum concentrations of thymosin a, and thymosin B, 
‘in random samples obtained from 47 men and women at the 
time of blood donation. No information regarding the stage 
of the menstrual cycle or the ovarian status of the women was 
available. More variability is apparent in thymosin §, than in 
thymosin a, levels. No significant changes in levels occurred 
with increasing age (r = 0.13).. 


thymosin a, in serum or plasma. The within-assay coef- 


ficient of variation was <10%. Thymosin B, was mea- ` 


sured by radioimmunoassay as described by Naylor 
et al.’ The assay is capable of detecting as little as 5 ng/ 
_ml of thymosin B, in serum or plasma. The within-assay 
coefficient of variation was 15%. 

Statistics. One-way analysis of variance and Duncan’s 
multiple range test were used for statistical analysis. 


Results 


Serum concentrations of thymosin a, and thymosin 
B, can fluctuate considerably from day to day in the 
same men (Fig.'1). In individual men and women of 
various ages from whom samples were obtained at the 
time of blood donation, thymosin B, levels ranged from 
approximately 150 to 1600 ng/ml, and thymosin a, lev- 
els ranged from about 200 to 950 pg/ml (Fig. 2). 

Levels of thymosin a, were similar in all of the groups 

{f women examined and averaged 581.0 pg/ml (range, 
23. to 1148 pg/ml) (Fig. 3). 


Bazal levels of thymosin 8, were similar in women 
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Fig. 3. Mean (+ SE) concentrations of thymosin a, in samples 


‘obtained from 87 women representing a variety of clinical 


states. The values obtained for the individual subjects are de- 
picted by the points and show marked variability. Levels of 
thymosin œ, were similar in all groups of women. EF designates 
women in the early follicular phase of the menstrual cycle; 
POF, women with premature ovarian failure; GD, individuals 
with gonadal dysgenesis; PMW, postmenopausal women; CW, 
castrated women; —£,, without estrogen therapy; +£,, with 
estrogen therapy. 


in the early follicular phase (487.8 ng/ml + 113.9 
SEM), patients with premature ovarian failure (529 + 
114.7), postmenopausal women not receiving estrogen 
(382.4 + 154.0), and subjects with gonadal dysgenesis 
(697 + 257.2) (Fig. 4). However, the marked variability 
of basal levels in premature ovarian failure (range, 40 
to 1800 ng/ml) and in menopausal women (range, 15 
to 1832 ng/ml) suggests that these groups are quite 
heterogeneous. Concentrations of thymosin B, were 
lowered in castrated women (191.2 + 29.9) and were 
significantly reduced in both postmenopausal women 
and castrated women receiving chronic estrogen ther- 
apy (40.6 + 12.3 and 63.7 + 13.1 ng/ml; p < 0.01 for 
each comparison) (Fig. 4). 

In addition, no consistent changes in either thymic 
peptide were observed in four normal women sampled 
at various times during their menstrual cycles (Figs. 5 
and 6) and in four agonadal women during and im- 
mediately following a 4-hour infusion of estradiol-176 
(50 mcg/hr intravenously) (Figs. 7 and 8). 


Comment 


These measurements indicate that there can be vari- 
ability in circulating levels of both thymosin a, and thy- 
mosin B, among individuals from day to day. Levels of 
thymosin B, were more variable than those of thymosin 
ai. Although mean concentratioins of thymosin a, were 
similar for all groups examined, there were differences 
in the mean levels of thymosin B,, suggesting a mod- 








Volume 151 
Number 4 
2000 
E 
“~ 16800 
m 
& 
a 1200 
Z 
Y) 
© 800 
= 
> (13) (14) 
T 400 
0 


"EF POF GD -E, +E, -E, +6, 


Fig. 4. Mean (+ SE) concentrations of thymosin B, in samples 
obtained from 87 women representing a variety of clinical 
states. The values obtained for the individual subjects are de- 
picted by the points and show marked variability. Levels of 
thymosin B, were similar in women in early follicular phase 
(EF), women with premature ovarian failure (POF), post- 
menopausal women (PMW) not receiving estrogen, and in- 
dividuals with gonadal dysgenesis (GD). However, the vari- 
ability in POF and in PMW suggests these groups are 
heterogeneous. Concentrations of thymosin 8, were signifi- 
cantly reduced in castrated women (CW) and were lower still 
in both postmenopausal and castrated women receiving 
chronic estrogen therapy. 


ulating influence of gonadal steroids, specifically estro- 
gen. Since the reduced levels of thymosin B, observed 
in agonadal women decreased further with long-term 
estrogen therapy, the nature of this influence remains 
to be defined. However, it appears that long-term es- 
trogen therapy may lead to an adjustment in circulating 
concentrations of thymosin B4. Why acute estrogen had 
no effect on thymosin ĝ, is unclear. In addition, there 
was no correlation between the levels of estradiol mea- 
sured by radioimmunoassay in the agonadal women 
and the concentrations of thymosin B, or thymosin a, 
(data not shown*. 

These findings are in agreement with our earlier data 
showing that thymosin B, but not thymosin a, stimulates 
release of luteinizing hormone~—releasing factor from 
superfused hypothalami in vitro. Thus there is good 
evidence that thymosin B, plays some role in repro- 
ductive function. These observations may also help 
explain the presence of estrogen’! and androgen” re- 
ceptors in thymic epithelial cells. They suggest the ex- 
istence of a thymic-hypothalamic-pituitary-gonadal 
axis. 

It is now clear that the endocrine thymus produces 
a group of hormone-like peptides which controls de- 
velopment of the thymic-dependent lymphoid system 
and participates in the process of immune regulation.’ 
Our data suggest that thymic peptides also interact with 
the hypothalamic-pituitary unit. 

Although Calzolari’ frst suggested a relationship be- 
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Fig. 5. Concentrations of thymosin a, in four women through- 
out a menstrual cycle. The data are centered about the day 
of the luteinizing hormone surge as determined by radioim- 
munoassay. Marked variability from dav to day and among 
subjects is obvious. There are no systematig changes through- 
out the menstrual cycle. 
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Fig. 6. Concentrations of thymosin ß4 in four women through- 
out a menstrual cycle. The data are centered about the day 
of the luteinizing hormone surge as determined by radioim- 
munoassay. Marked variability from day to day and among 
subjects is obvious. There are no systematic changes through- 
out the menstrual cycle. The one subject with elevated levels 
had variable and elevated levels throughout the cycle. 


tween the thymus gland and reproductive function in 
1898, few experiments were conducted in this area until 
the last several years. Nishizuka and Sakakura’’ then 
demonstrated that neonatal thymectomy in the mouse 
within the first 72 hours of life leads to ovarian dys- 
genesis, which is first apparent at 2 to 3 months and 
which occurs independently of wasting disease. A’ 
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Fig. 7. Mean (+ SE) serum concentrations of thymosin a, in 
four agonadal women before, during, and following infusion 


of estradiol-17B (50 ug/hr). No significant changes were noted. ` 
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Fig. 8. Serum concentrations of thymosin œ, and thymosin B, 
before and during intravenous infusion of estradiol-17B (50 
wg/hr) to one agonada! female. No significant changes in ei- 
ther thymic peptide were noted. 


about the same time Flanagan” reported breeding a 


new strain of congenitally athymic nude mice in which 
‘females had decreased fertility. It has since been estab- 
lished that affected females also have delayed vaginal 
_ opening’ and accelerated follicular atresia such that the 
mice develop.premature ovarian failure.?)” 

We reported decreased levels of luteinizing hormone 
and follicle-stimulating hormone in the pituitary gland 
and in the circulation prior to vaginal opening (.e., 


puberty) and decreased circulating estrogen levels in- 


.\adult athymic mice.” In addition, we observed reduced 
‘oncentrations of immunoreactive luteinizing hor- 
Meye—releasing factor in the hypothalami of athymic 
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mice relative to normal mice at 10, 20, and: 30 days of 
age.” Furthermore, the abnormalities in gonadotropin 
levels can be prevented by thymic transplantation in 
athymic nude mice at birth.” These findings led us to 
postulate that the thymus gland might exert its effects 
on reproduction through a humoral factor that influ- 
ences the hypothalamic-pituitary unit. Furthermore, 
these postulates led to our subsequent studies? dem- 
onstrating that thymosin B, is capable of stimulating 
secretion of luteinizing hormone—releasing factor from 
super-used hypothalami in vitro. 

The data we report here are consistent with inter- 
action of thymosin B, and the hypothalamic-pituitary- 
gonadal system in humans. Other data are suggestive 
of such a relationship as well. It has long been known 
that young girls with congenital absence of the thymus 
gland have no oocytes in their ovaries at autopsy.” Thus 
thymic peptides may be important in utero in pre- 
venting accelerated follicular atresia by stimulating 
luteinizing hormone-—releasing factor/gonadotropin se- 
cretion. Perhaps, as Ross and Vande Wiele” have re- 
cently suggested, gonadotropins may be necessary for | 
maintenance of fetal oocytes. 

Thymic peptides may even play a role in the acti- 
vation of luteinizing hormone—releasing factor/lutein- 


‘izing hormone secretion at puberty. In the human the 


size of the thymus gland peaks just prior to puberty,” 
simultaneous with activation of the hypothalamic-pi- 
tuitary axis. Michael et al.” have reported that thymosin 
fraction 5 accelerated vaginal opening when adminis- 
tered to pepubertal mice. McGillis et al.” have recently 
reported that-administration of thymosin œ, results in 
increased corticosterone secretion in mice. Most. re- 
cently, Healy et al.” have reported that intravenous < 
administration of thymosin fraction 5 to prepubertal 
cynomolgus monkeys elevated peripheral levels of cor- 
ticotropin, B-endorphin, and cortisol in a dose- and 
time-dependent fashion. Therefore, one might hy- 
pothesize that thymic peptides play a role in adrenarche 
in humans as well. 

The roles thymic peptides play in the regulation of 
luteinizing hormone-releasing factor/luteinizing. hor- 
mone secretion and the regulation of other hypotha- 
lamic factors remain unknown in humans. Further re- 
search irto these areas is necessary to validate these 
hypotheses. Our data point to the need for continuing 
studies ir: this area. 
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and current findings and data on the etiology, clinical behavior, new treatment 
modalities and improved outcomes of those neoplasms. Information pre- 
sented should enable clinicians to modify, as appropriate, their management 
of patients with gynecologic neoplasms. 


Contact: DR. ELIZABETH C. GERST, Assistant Dean, Continuing Educar ^ 
Center, 630 W. 168th St, N.Y., N.Y. 10032; Tel: (212) 694-3682. 
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OBSTETRICIAN 
GYNECOLOGIST 


Board certified or eligible or complet- 
ing residency in 1984 to join OB/GYN 
in incorporated practice in Pennsyl- 
vania recreational area. Accredited 
- hospital with complete laboratory, — 
radiology, radio therapy department 


and intensive care nursery. Salary . 
lst year depending on experience 

with corporation. Benefits starting 

2nd year ready for a Send 

C.V. to: 


Julius A. Fino, M.D. 
Physicians Building 
308 Market St. 
Warren, PA 16365 
(814) 723-2323 
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-OB/GYN © . 


` Anvassociate is needed to join a busy two man, 

1, group. averaging .600 deliveries and 200 major | 

_ “surgeries per- year in metropolitan Louisville. 
..The opportunity offers: ` 


® a competitive first year Saary and benefit 
. package 
«. @ escalating second: and third year salary and: 
-© . benefit package 
=% full partnership after three. -years with no buy` 
z in provision 
©. excellent long-term incöme potentiål < 
oe affiliation with a prestigious 357 bed hbspital: po 


~ Preferred candidate will be BE/BC and available. 
to relocate by no later than:August, 1985. Inter- 
A “ested candidates should forward their curriculum’ 
vitae in confidence to: -Jags ENE 
a 2 i Jim Farrar, Biiystelan Placenient Specialist“ 
', WHA Physician Placement Services 
s, ‘ ; 224 East Broadway - Fitth Floor 
phe 8 "se Louisville, Kentucky 40202 or 
> | ts Call Toll Free - (800) 626-1857. 
co tn Keu * (800) 292-1856" sy 







é 


















Physician Placement 
f : Services 
|A The future of America’ s health Care 

; xk Voluntary Hospitals of America, inc. (VHA). 
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DEPARTMENT OF 
OBSTETRICS AND GYNECOLOGY 
EAST CAROLINA UNIVERSITY 
SCHOOL OF MEDICINE 


The Department of Obstetrics and Gynecology, 
East Carolina University, Greenville, North Carolina 
is now accepting applications for the following cur- 
rently available academic positions: 


General obstetrics and gynecology 
Endocrinology 
Oncology 
Fetal-maternal medicine 


Salary and academic rank are negotiable. Candi- 
dates should be board eligible/certified in obstet- 
rics and gynecology or subspecialty board eligi- 
ble/certified as applicable. References must be 
provided upon request. Send curriculum vitae to: 


D. E. Darnell Jones, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
East Carolina University 
school of Medicine 
Greenville, NC 27834 


East Carolina University is an Equal Opportunity Affirmative 
Action Employer 


| DEPARTMENT OF 

OBSTETRICS & GYNECOLOGY 

UNIVERSITY OF NEVADA — 
SCHOOL OF MEDICINE 


Assistant/Associate Professor. Must be board 
certified and eligible for licensure in Nevada, _. 
and have three or more years experience in 
academic ob/gyn with evidence of proficiency 
in teaching and supervision of three-year 
clerks. Successful applicant will staff material 
and infant care/improved pregnancy outcome 
prenetal clinic cosponsored by hospital and 
county. 


Submit letter of application, C.V., and names, 
addresses and telephone numbers of five ref- 
erences by March 18, 1985 to: 


J.H. Lanphear, Ph.D. 
Executive Associate Dean 
University.of Nevada 
School of Medicine 
Reno, NV 89557 


Search will be extended if suitable candidate is not 
found. AA/EOE 








IN BRIEF: 

TRIPHASIL * 6 brown tablets containing 0.050 mg levonorgestrel with 0.030 mg ethiny! estradiol; § white tatlets 
containing 0.075 mg levonorgestrel with 0.040 mg ethiny! estradiol; 10 light-yellow tablets containing 0 125 mg 
levonorgestrel with 0.030 mg ethinyl estradiol (7 ight-green tablets containing inert ingredients are included in the 
26-day regimen) —~ Triphasic regimen. 

indications and Usage—TRIPHASIL * :s indicated tor the prevention of pregnancy in women who elect to use oral 
contraceptives (OC's) as a method of contraception. 

Contraindications—OC's should not be used in women with any of the following conditions: 1. Thrombophiebitis 
of thromboembolic disorders. 2. A past history of deep-vein thrombophiebitis or thromboembolic disorders. 

3. Cerebral-vascular or coronary-artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or sus- 
pected estrogen-dependent neoplasia. 6. ndiagnosed abnormal genita! bleeding 7. Known ar suspected pregnancy 
{see Warning No. 5). 8. Benign cr malignant liver tumor which developed during use of OC's or other estrogen- 
containing products. 

Warniags 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. 
This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked 
in women over 35 years of age. Women who use oral contraceptives should be strongly advised not 

to smoke. 


The use of oral contraceptives is associated with increased risk of several serious conditions. including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma. gallbladder disease. hypertension. 
Practitioners prescribing oral contraceptives should be familiar with the following information relating to 
these risks. 


1. Thromboembotic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrombotic 
disease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U S. 

have demonstrated increased risk of fatat and nonfatal venous thromboembolism and stroke. both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 

CEREBROVASCULAR DISORDERS—in a cohaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, # was estimated that the risk of hemorrhagic stroke was 2 0 times greater :n users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION (Mi}-—-An increased risk of MI associated with the use of OC's has been reported. 
confirming a previously suspected association These studies, conducted in the UK. found, as expected. that the 
greater the number of underlying risk factors for coronary-artery disease {cigarette smoking. hypertension. hyper- 
cholesteroiemia, obesity, diabetes, history of pre-eciamptic toxemia) the higher the risk of developing MI, regardless 
of whether the patient was an OC user or rot. OC's, however, were found to be a clear additional risk factor. in terms 
of relative risk, it has been estimated that OC users who do not smoke (smoking 1s considered a major predisposing 
condition to MI} are about twice as likely te have a fatal Mi as nonusers who da not smoke. OC users who ièa 
smokers have about a 5-foid increased risk of fatal MI compared to users who do not smoke. but about a 16. 
told increased risk compared to nonusers whe do not smoke Furthermore, amount of smoking is also an: 
factor. in determining importance of these relative risks. however, baseline rates for various age groups mus f 
given serious consideration. importance of otner predisposing conditions mentioned above in determming reli 
and absolute risks has not as yet been quantified, quite likely the same synergistic action exists. but perhaps to 
lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse-reaction reporting systems. British 
investigators concluded that risk of thromboembolism, including coronary thrombos:s., 15 directly related to dose 
of estrogen in OC's. Preparations containing 190 mcg or more of estrogen were associated with higher risk of 
thromboembolism than those containing 56-80 meg. Their analysis did suggest. however. that quantity of estrogen 
may not be the sole factor involved. This finding has been confirmed in the U.S. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES —A large prospective study carried out in the 
UK estimated the mortality rate per 100.000 women per year from diseases of the circulatory system tor users and 
nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually from 
circulatory diseases for OC users was estimated to be 20 per 100.000 {ages 15-345. 100.000: ages 35-44—33) 
100,000; ages 45-49— 140:100 000}. risk being concentrated in older women, in those with tong duration of use 
and in cigarette smokers. It was not possible, however, to examif@anterrelationships of age. smoking, and duration 
of use. nor to compare effects of continuous vs. intermittent i 
in death due to circulatory diseases in users for 5 or mi 
Until larger numbers of women under 35 with contin 
assess magnitude of relative risk for this younger 
lyzed to estimate risk of death associated with 
method include combined risk of contracenti 
OC's) plus risk attributable to pregnancy 
ness of method. The study concluded 
that associated with childbirth, wi 
associated with condom or dia 
associated with OC's increase: 
lesterolemia, obesity. diabet 
patient should be aiert to. 
hs. pulmonary embolisi 
thrombosis} Should 











ai these deaths occerred in women 35 or older. 
e for 5 or more years are available, itis not possible to 
up Available data from a vanety of sources have been ana- 
üs methods of contraception Estimates č 
hod {e.g., thromboembolic and thrombotic g 
Wórtion in event of method failure. This latter nsk yar! 
tality associated with ail methods af birth contr 
ception of OC's in women an 3 
cked ug by earty abortion. Ri thromboembolic and 
age after about 30 and, for MI. is further increased by hypertension. hypercho- 
history of pre-eciamptic toxemia, and especially cigarette smoking. Physician and 
manifestations of thromboembolic and thrombotic disorders {e 




























f at least 4 weeks before su rgery of a type associated 
mobilization. 









Met OC users for at least 6 y 
ist 9 years in women 40 


: Rona Draci T nore years Findings i 
Studies requig confirmation since th j 


aton. 


3. Carcinoma —Long: continuous adminis 
increases frequency ot carcinoma of the breast ¢ 
currently contained in 

dogs. In humans. 3 casi 







are no longer marketed. No 
conventional combination or 
in women taking OC's or estrogens 
risk of breast cantèra women on OC's, found an excess 
ast disease. Reduced occurrence of benign breast tumors 
here is at present no confirmed evidence from human 


poeenaer only OC's. Sev 
Ine study, however, while a 
risk in subgroups of OC users 
in users of OC's has been weil 


theless, essential, in all cases of 
diagnostic measures shouid be t 
with breast nodules. fibrocystic d 
elect to use OC's. 


they elect to use OC's. Furthermore, 30 to 90% of such exposed women have been found to have epithelial changes 


reported with use of sex hormones. including OC's. in pregnancy. One case-control study estmated a 4 ?-fold 
increase in risk of limb-reduction defects in infants exposed in ufero to sex hormones (Oe 's. hormonal withdrawal 
























Pregnancy—Category X. See Contraindications, Warnings. 

‘Nursing Mothers—See Warnings 

-Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's {i 
“Warnings): thrombophiebitis. pulmonary embolism. coronary thrombosis, cerebral thrombosis, cerebral hemar-: 

































tests for pregnancy, or attempted treatment for threatened abortion). Some exposdres.involved only a few days. 
Data suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than J in 1,000 Hve births. In 
the past. female sex hormones have been used during pregnancy in an att ‘teat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for ‘ations, ang there is no evidence 
from well-controlled studies that progestogens are effective There is som hat tripioidy and possibly other 
pes of polyploidy are increased among abortuses from women who bec nant soon alter ceasing OC's. 
mbryos with these anomalies are virtually always aborted spontaneously tere is an overall increase ir 
spontaneous abortion of Ae patie conceived soon after stopping OC's recommended that, far 
any patient who has missed 2 consecutive periods, pregnancy should be r sontinuing OC's. ifthe 
patient has not adhered to the prescribed schedule. the possibility of pregna Sensidered at time of first 
missed pernod, and further use of OC's should be withheld until pregnancy if pregnancy is 
confirmed. the patient should be apprised of the potential risks to the fetus. an advisabiiity f continuation of the 
pregnancy should be discussed. If is also recommended that women who di mue OC's with intent of becoming 
pregnant use an alternate form of contraception for a period of time before attemat five. Many clinicians 
recommend 3 months. aithough no precise information is available on which H ministration of 
progestagen-estrogen combinatians to induce withdrawal bleeding should not 
6. Galibladder Disease—Studies report increased risk of surgically confirmed gal 
and estrogens. in one study, increased risk appeared after 2 years’ use and dou 
the other studies. increased nsk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients s 
on OC's. increases in triglycerides and total phospholipids have been observed in pati 
were performed with Triphasi and no significant alterations in lipid metabolism were 
increase in triglyceride levels in 1 study. Clinical significance of these fingi 






























hypertension is tow in users and may be no a peed than that of a comparable group of nonus 
increases. however, with longer exposure, and in the 5th year of use is 212 to 3 times the reg 
ist year. Age is also strongly correlated with development of hypertension in OC users. Wa 
had hypertension during pregnancy may be more likely to develop elevation of blood pressar 
sion that develops as a result of taking OC's usually returns to normal after discontinuing the dr 
9. Headache—Onset or exacerbation of migraine or devel 
persistent. or Severe, requires discontinuation of OC's an 
10. Bleeding Irreguiarities— Breakthrough bleeding. spott 
discontinuing OC's. In breakthrough bleeding. as in all ca 
should be borne in mind. in undiagnosed persistent or re 
diagnostic Measures are indicated to rule out pregnancy o 
change to another OC may solve the problem. Changing t 
useful in minimizing menstrual irregularity, should be done gly if 
thromboembolic disease Women with past history of oligomenorrh: 
without! regular cycles may have a tendency te remain anov 
OC's. Women with these preexisting problems should be adv 
methods Post-use anovulation ,. possibly prolonged, may als @ccur in 

























previous regularities, 
live failures. ; 
decrease quantity and 
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12. Breast-feeding—-OC’s giv 
quality of breast milk. Furtherst 
mothers on OC's. effects, if any, 
has been weaned. : 



























retreatment and periodic physi 
bdomen and pelvic organs, inc 
scribed for longer than 1 yea 


te a blood pressure, breasts, 3 

ratory tests. As a general rule OC's should not be. 

tion and Pap smear. Marae 

isting uterine leiomyomata may increase in size, -7 

arefully observed and the drug discontinued if depression 

y depressed while on OC's should stop OC's and.usean =i 
te 































atabolized in patients with impaired liver function and should be administered ` 


è disturbances in normal tryptophan metabolism which may result in a relative pyridoxine 
imicat Significance is undetermined. $ 
els may be depressed by OC's. Since the pregnant woman is predisposed to development of 
j and incidence of folate deficiency increases with increasing gestation, it is possible that if a woman 
ant shortly after stopping OC's, she may have a greater chance of developing folate deficiency and. 
buted to this deficiency. he 































- and liver-function tests and blood components may be atfected by estrogen-containing OC's. Pe 
; Increased prothrombin and factors VII. VIH. IX. and X, decreased antithrombin 3, increased norepinephrine- a | 

duced platelet aggregability. 
. increased thyroid-binding globulin (TBG) leading to icreased circulating total-thyroid hormone, as measured 
fotein-bound iodine (PBI), T4 by column. or 14 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting: 






‘the elevated TBG. free Tå concentration is unaltered. 


d. Decreased pregnanediol excretion. 

e. Reduced response to metyrapone test. 

information tor the Patient—See Patient Package Labeling. Gee 
Drug Interactions Reduced efficacy and increased incidence of breakthrough bleeding have been associated with a 
concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin. - 
sodium. ampicillin and tetracycline. “Fy 


Carcinogenesis—See Warnings section for information on carcinogenesis. 













hage, hypertension, pa nacon disease, bemgn hepatomas, congenital anomalies. There is evidence of an asso 
tation between the following conditions and use of OC's although additional confirmatory studies are needed: = = 
tenc thrombosis, neurd-ocular lesions, e.g.. retinal thrombosis and optic neuritis. Cae 
lowing adverse reactions have been reported in patients on OC's and are believed to be drug-related. Nausea < 
Miting. usually the most common adverse reactions, occur :n approximately 10 percent or less of patients 
first cycie. Other reactions. as a general rule, are seen much less frequently or anty occasionally Bos Te! 
tinal symptoms (such as abdominal cramps and bloating}: breakthrough: blea@ag. spotting, changein 
menstrual flow, dysmenorrhea. amenorrhea during and after treatment, tem: adity alter discontinuance of 
treatment: edema. chioasma or melasma which may persist: breast changes tenociness, enlargement, and secre-. -= 
tion, change in weight {increase or decrease}. change in cervical erosion and cervical secretion. possible diminution ~~ 
in lactation when given immediately postpartum: cholestatic jaundice: migraine: increase in size of uterine feiomy- ` 
omata. rash (allergic), mental depression: reduced tolerance to carbohydrates: vaginal candidiasis: chenge in =i 
corneal curvature (steepening). intolerance to contact tenses. The following adverse reactions have been reported ii 
users of OC's, and the association has Deen neither confirmed nor refuted premenstrual-like syndrome. cataracts, = 
changes in libido, chorea. changes in appetite. cystitis-like syndrome, headache, nervousness. dizziness. hirsu- 
hsm. loss of scaip hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria. 
Acute Overdese-—Serious ill effects have nat been reported following acute ingestion of large doses of OC's by 
young children. Overdosage may cause nausea. and withdrawal bleeding may occur in females. 
Dosage and Administration—For maximum contraceptive effectiveness. Tiphasi must be taken exactly as directed 
and at intervals not over 24 hours. (If Triphasil is first taken later than first day of first menstrual cycie of medication 
of postpartum, contraceptive reliance should not be placed on it until after the first 7 consecutive days of use. 
Possibility of ovulation and conception prior to initiation of medication should be considered } 


Anytime patient misses tor 2 brown, white or jight-yellow tablets. she should also use another contraceptive 
method until she has taken a tablet daily for 7 consecutive days. l 


For tuit details on dosage and administration see prescribing information in package insert. 


44 Laboratories 
Philadelphia. PA 19101 
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Wyeth introduces... 


The First Oral Contraceptive 
_ Tuned to Her Timing 


ist OC to phase both astrogen ana 


progestogen according to Her cyclic pattern 


Sst triphasic OC backed with data so y yo Yd | 
extensive E | Sea ae 


-vaa 
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; já 2i- and 28-day regimens f Important firsts in oral contraception; 4 
St triphasic to start dose 1 on Her Day i © 7 : N 
..€asier to remember 
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